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DEPARTMENT  OF  THE  ARMY 

HQ.  US  ARMY  AVIATION  RESEARCH  AND  DEVELOPMENT  COMMAND 
P 0 BOX  209.  ST.  LOUIS.  MO  «3IM 


t 1 DEC  1978 

SUBJECT:  USAAEFA  Project  No.  77-33,  Preliminary  Airworthiness  Evaluation, 
Production  AH-1S  Helicopter  Equipped  with  the  Garrett  Hot  Metal 
Plus  Plume  IR  Suppressor  System  (P/N  19140FSCM70210)  and  the 
AN/ALQ-144  IR  Jammer,  May  1978 


SEE  DISTRIBUTION 


i 1.  The  purpose  of  this  letter  is  to  present  the  Directorate  for  Development 

and  Engineering  position  on  the  subject  report.  In  general,  we  agree  with 
the  report  and  specifically  the  performance  penalties  with  the  Infrared 
Suppressor  installed.  For  the  purpose  of  steady  state  performance  measure- 
ments, the  data  acquisition  system  used  is  considered  adequate  (paragraph  7). 
If  it  had  not  been,  the  Contractor  would  not  have  been  allowed  to  proceed 
with  test  efforts.  Extensive  time  histories  of  flying  qualities  type  data 
could  not  be  obtained  with  this  system;  however,  since  the  static  stability 
and  control  characteristics  with  the  IR  Suppressor  installed  were  unchanged 
from  other  AH-1S  data,  extensive  quantitative  dynamic  stability  testing 
was  not  needed  or  Intended.  It  must  further  be  pointed  out  that  the 
incorporation  of  the  IR  Suppressor  in  the  AH-1S  permits  the  removal  of  20 
pounds  of  ballast,  which  is  not  credited  in  the  AEFA  analysis  of  a 220  pound 
out  of  ground  effect  hover  performance  penalty.  Considering  the  ballast 
removed,  the  hover  out  of  ground  effect  payload  penalty  is  200  pounds  which 
meets  the  203  pound  specification  value  (Reference  4). 

2.  The  deficiency  listed  in  paragraph  40  has  been  corrected  by  the  addition 
of  adjustable  air  vents  starting  with  the  #67  Production  AH-1S,  S/N  77-22729. 

3.  No  action  is  planned  concerning  the  shortcomings  listed  in  paragraph  41. 

i They  are  not  unique  to  the  IR  Suppressor  installation  and  have  not  been 

f considered  as  significant  problems  with  AH-1S  aircraft  already  deployed. 

4.  During  user  type  tests  of  the  IR  Suppressor  numerous  but  minor  cracks 

* (not  safety  related)  have  occurred  resulting  in  the  Aircraft  Survivability 

Equipment  (ASE)  Project  Manager  extending  the  development  contract  in  order 
to  provide  the  field  with  more  durable  items.  Since  planned  improvements 
will  not  effect  the  exterior  configuration  or  engine  power  losses,  additional 
f testing  by  AEFA  is  not  being  considered.  While  specific  Infrared  radiation 
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specifications  were  aot  a part  of  this  test  and  their  actual  values  are 
classified,  it  is  important  to  take  note  that  the  suppression  objectives 
of  this  program  have  been  met. 


FOR  THE  COMMANDER: 


dC  t 


WALTER  A.  RATCLIFF  / 
Colonel,  GS 

Director  of  Development 
and  Engineering 


f : 


I 


M 
1 1 


TABLE  OF  CONTENTS 

Page 

INTRODUCTION 


Background 1 

Test  Objectives 1 

Description i 

Test  Scope 2 

Test  Methodology 2 


RESULTS  AND  DISCUSSION 

General 

Performance 

Hover  Performance 

Level  Flight  Performance 

Handling  Qualities 

Control  System  Characteristics 

Control  Positions  in  Trimmed  Forward  Flight 

Static  Longitudinal  Stability 

Static  Lateral-Directional  Stability  .... 

Dynamic  Stability 

Low-Speed  Flight  Characteristics 

Autorotational  Entries 


Human  Factors g 

Preflight  Inspection g 

Cockpit  Evaluation 8 

Subsystem  Tests U 

Engine  Performance 11 

Pitot-Static  System  11 


CONCLUSIONS 

General 

Specific 

Deficiency 

Shortcomings 

Specification  Compliance 


! 


| 


► f 

r 


» 


r 


RECOMMENDATIONS 


1* 


a M ' 


I 


APPENDIXES 


A.  References 17 

B.  Description If 

C.  Instrumentation 2C 

D.  Test  Techniques  and  Data  Analysis  Methods 31 

E.  Test  Data as 

F.  Equipment  Performance  Reports *7 


DISTRIBUTION 


i - i 


INTRODUCTION 


BACKGROUND 

1.  The  Aircraft  Survivability  Equipment  (ASE)  Project  Manager's  Office  has 
contracted  with  the  Garrett  AiResearch  Manufacturing  Company  (GAMC)  to  design, 
develop,  and  test  an  infrared  radiation  suppressor  (IRS)  for  the  production  AH- IS 
helicopter.  The  United  States  Army  Aviation  Research  and  Development  Command 
(AVRADCOM)  directed  the  United  States  Army  Aviation  Engineering  Flight 
Activity  (USAAEFA)  to  conduct  a Preliminary  Airworthiness  Evaluation  (PAE) 
of  the  AH-1S  with  the  IRS  installed,  (ref  1,  app  A)  in  accordance  with  the 
approved  test  plan  (ref  2). 


TEST  OBJECTIVES 

2.  The  objectives  of  the  PAE  were  as  follows: 

a.  Determine  any  degradation  in  aircraft  performance  and  handling  qualities 
caused  by  the  IRS  and  the  AN/ALQ-144  infrared  (IR)  jammer. 

b.  Provide  data  for  revisions  to  the  AH-1S  operator's  manual  (ref  3,  app  A) 
as  necessary. 


DESCRIPTION 

3.  The  AH- IS  is  a tandem-seat,  two-place  helicopter  with  a two-bladed  teetering 
main  rotor  and  a two-bladed  tractor  tail  rotor.  The  helicopter  is  powered  by  a 
Lycoming  T53-L-703  turboshaft  engine  derated  from  1800  shaft  horsepower  (shp) 
at  sea-level,  standard-day  conditions,  to  the  main  transmission  torque  limit  of 
1290  shp.  Distinctive  features  of  the  helicopter  include  the  narrow  fuselage,  stub 
wings  with  four  stores  stations,  a flat-plate  canopy,  and  an  IRS  exhaust  system. 
A more  detailed  description  of  the  AH-1S  is  presented  in  appendix  B and  in  the 
operator's  manual. 

4.  The  IRS  system  consists  of  three  major  components:  the  suppressor,  an  engine 
exhaust  duct  assembly,  and  an  aft  engine  cowl.  The  IRS  is  supported  by  four 
hollow  struts  inside  the  engine  exhaust  pipe  and  prevents  line-of-sight  visibility 
of  hot  engine  parts.  The  engine  exhaust  duct  is  of  much  larger  diameter  than  the 
standard  duct  to  accommodate  the  IRS.  This  larger  diameter  necessitates 
replacement  of  the  standard  AH-1S  aft  engine  cowling.  The  GAMC  IRS  system 
provides  accommodations  for  mounting  an  AN/ALQ-144  IR  jammer.  Further 
description  of  the  IRS  system  is  available  in  the  Critical  Item  Development 
Specification  (CIDS)  (ref  4,  app  A)  and  in  appendix  B. 
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TEST  SCOPE 


5.  The  PAE  was  conducted  between  9 and  30  March  1978  at  the  GAMC  facility 
at  Sky  Harbor  Airport,  Phoenix,  Arizona,  using  a production  AH- IS 
(S/N  76-22573).  Twenty-six  test  flights  were  conducted  for  a total  flight  time  of 
30  houis,  of  which  21.4  hours  were  productive.  The  aircraft  and  instrumentation 
system  were  maintained  by  the  contractor  during  this  evaluation.  The  aircraft  was 
tested  for  compliance  with  military  specification  MIL-H-8501A(ref  5,  app  A),  the 
detail  specification  (ref  6),  and  the  IR  suppressor  CIDS.  Flight  restrictions  of  the 
operator's  manual  and  the  airworthiness  release  (ref  7)  were  observed  throughout 
the  test  program. 

6.  The  level  flight  performance  tests  were  flown  with  no  wing  stores  installed 
and  at  a forward  center-of-gravity  (eg)  location.  All  the  handling  qualities  tests, 
except  dynamic  stability,  were  flown  in  the  8-TOW  configuration.  All  handling 
qualities  tests  except  dynamic  stability  and  low-speed  flight  characteristics  were 
flown  at  an  aft  eg  location.  All  tests  were  flown  with  the  IRS  installed  except 
for  one  dynamic  stability  flight.  Performance  data  were  gathered  by  the  contractor 
on  the  AH-1S  with  the  standard  exhaust  system  installed.  These  data  were  used 
as  a base  line  for  comparison  where  possible.  Table  1 presents  the  general  test 
conditions. 

7.  The  data  generated  during  this  PAE  (and  during  the  contractor  base-line  tests 
which  preceded  it)  are  of  questionable  validity  because  of  limitations  of  the  airborne 
data  acquisition  system.  The  system  provided  was  not  well  suited  to  the  type  of 
experimental  measurements  required  in  this  program.  The  primary  shortcoming  of 
the  system  was  an  inadequate  data  sampling  rate.  A more  complete  description 
of  the  data  acquisition  system  is  presented  in  appendix  C. 


TEST  METHODOLOGY 

8.  The  flight  test  techniques  and  data  analysis  methods  are  described  in 
appendix  D.  A digital  instrumentation  system  was  used  to  measure  and  record 
the  parameters  listed  in  appendix  C.  A display  in  the  front  cockpit  allowed  the 
flight  test  engineer  to  display  any  eight  parameters  at  one  time.  A data  sample 

rate  of  two  measurements  per  second  was  used  for  hover  performance  and  low-speed  *, 

flight  characteristics  tests  because  of  the  oscillatory  nature  of  some  parameters 

during  these  tests.  However,  at  this  sample  rate  engine  static  pressures  could  not 

be  sampled.  Therefore,  a lower  sample  rate  was  used  during  level  flight  performance 

tests.  During  the  level  flight  test,  three  samples  were  taken  (approximately 

30  seconds  apart)  at  each  flight  condition.  These  three  samples  were  averaged  to  j, 

define  one  data  point. 
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RESULTS  AND  DISCUSSION 
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GENERAL 

9.  Limited  performance  and  handling  qualities  tests  were  performed  on  an  AH-1 S 
helicopter  with  a GAMC  IRS  installed.  Some  tests  were  flown  with  and  without 
an  AN/ALQ-144  IR  jammer  installed.  The  tests  were  conducted  to  determine  the 
effects,  if  any,  of  installation  of  the  IRS  and  IR  jammer  on  the  AH-1S.  There 
was  no  apparent  effect  on  power  required  to  hover  and  only  a small  increase  in 
power  required  to  maintain  level  flight.  Because  of  a power  available  degradation, 
however,  there  was  a reduction  of  220  pounds  payload  in  an  out-of-ground  effect 
(OGE)  hover  at  4000  feet,  35°C.  Additionally,  at  2000  feet,  25°C,  and 
9300  pounds  gross  weight,  there  was  a reduction  in  maximum  level  flight  airspeed 
of  3.5  KTAS  in  the  clean  wing  configuration.  No  degradation  in  handling  qualities 
was  caused  by  IRS  or  IR  jammer  installation.  However,  one  deficiency  and  six 
shortcomings  inherent  to  the  basic  AH-1S  were  noted. 


PERFORMANCE 
Hover  Performance 

10.  The  hover  performance  of  the  IRS  equipped  AH- IS  helicopter  was  evaluated 
at  the  general  conditions  listed  in  table  1 . A 1 5-foot  skid  height  was  used  during 
the  tethered  hover  tests.  The  test  techniques  and  data  analysis  methods  used  are 
described  in  appendix  D. 

11.  Nondimensional  hover  performance  of  the  AH-1S  with  the  IRS  installed  is 
presented  in  figure  1,  appendix  E.  This  performance  is  almost  identical  to  the 
performance  of  the  AH-1G  aircraft  presented  in  reference  8,  appendix  A.  It  also 
agrees  quite  well  with  the  performance  presented  in  the  AH-1  S operator's  manual. 
Data  gathered  by  GAMC  with  the  standard  tail  pipe  installed  indicated  much  better 
hover  performance  capability  than  any  previous  AH-1  tests.  Therefore,  the  GAMC 
data  are  assumed  to  be  in  error  and  have  not  been  used  for  computing  performance 
degradation.  Because  the  AH-1  S/IRS  data  agree  with  previous  AH-1  data  with  the 
standard  tail  pipe,  it  is  assumed  that  installation  of  the  IRS  causes  no  increase 
in  power  required  to  hover. 

12.  The  CIDS  specifies  a maximum  payload  loss  caused  by  IRS  installation  of 
203.4  pounds  for  OGE  hover  at  a pressure  altitude  of  4000  feet  and  ambient 
air  temperature  of  35°C.  Power  available  at  these  ambient  conditions  is  1 133  shp 
with  the  IRS  and  1163  shp  with  the  standard  tail  pipe  (figures  provided  by 
AVRADCOM,  ref  9,  app  A).  Based  on  these  two  figures  and  the  OGE  performance 
presented  in  reference  8,  the  lifting  capability  of  the  AH-1  S is  reduced  169  pounds, 
from  9045  to  8876  pounds  by  installation  of  the  IRS.  The  payload  is  further 
reduced  by  the  aircraft  empty  weight  increase  caused  by  the  IRS  (51  pounds). 
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Therefore,  the  total  payload  penalty  is  220  pounds.  At  a 15-foot  hover  height 
and  the  same  ambient  conditions,  the  total  payload  loss  is  229  pounds. 

Level  Flight  Performance 
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13.  The  level  flight  performance  of  the  IRS  equipped  AH-1S  helicopter  was 
evaluated  at  the  general  conditions  listed  in  table  1.  Eight  level  flight  performance 
flights  were  made  with  the  IRS  installed  and  on  three  of  these  flights  the 
AN/ALQ-I44  IR  jammer  was  installed.  The  data  were  compared  to 
contractor-furnished  data  obtained  with  the  standard  AH-1S  tail  pipe  installed. 

14.  All  level  flight  performance  was  flown  at  zero  sideslip,  while  maintaining 
constant  ratios  of  gross  weight  to  air  pressure  ratio  (W/5)  and  main  rotor  speed 
to  the  square  root  of  temperature  ratio  (N/y/F ).  The  results  of  these  tests  are 
presented  in  appendix  E,  nondimensionally  in  figures  2 through  4 and 
dimensionally  in  figures  6 through  14. 

15.  The  change  in  equivalent  flat  plate  area  (Afe)  between  the  standard  tail  pipe 
and  the  IRS  was  1/2  square  foot  (propulsive  efficiency  of  one  assumed).  Figure  5, 
appendix  E,  shows  standard  tail  pipe  data  fit  with  IRS  curves  corrected  for  Afe.  The 
data  at  a thrust  coefficient  of  52.8  x 1(H  appeared  inconsistent  with  the  rest 
of  the  data  set  and  were  not  used  when  determining  Afe. 

16.  Figure  6,  appendix  E,  presents  level  flight  performance  of  the  AH-1S  with 
and  without  the  IRS,  at  the  conditions  specified  in  the  CIDS.  At  these  conditions, 
Vh  was  reduced  from  142.5  to  139  KTAS  by  the  IRS  installation.  Power-available 
data  were  provided  by  AVRADCOM  (ref  9,  app  A).  This  3.5  knot  reduction  in 
Vh  equals  the  3.5  knot  reduction  allowed  by  the  CIDS. 

17.  Figures  12  through  14,  appendix  E,  present  data  obtained  with  both  the  IRS 
and  the  AN/ALQ-144  IR  jammer  installed.  No  measurable  Afe  was  found  with 
installation  of  the  AN/ALQ-144. 


HANDLING  QUALITIES 


Control  System  Characteristics 

i 18.  The  longitudinal  cyclic  mechanical  characteristics  of  the  AH- IS  were  evaluated 

on  the  ground  with  the  rotors  stopped  using  ground  hydraulic  power.  A plot  of 
force  versus  displacement  is  presented  in  figure  15,  appendix  E.  A wide  trim 

. control  displacement  band  was  measured  during  the  ground  tests  and  qualitatively 

noted  in  flight.  This  band  made  it  difficult  to  return  to  an  original  longitudinal 
cyclic  trim  control  position  once  the  control  was  displaced  from  trim.  Lack  of 
absolute  longitudinal  cyclic  control  centering  is  a shortcoming.  The  longitudinal 
cyclic  breakout  characteristics  failed  to  meet  the  provisions  of  the  detail 
specification  in  that  breakout  force  in  the  aft  direction  was  2.5  pounds 
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(1/4  pound  greater  than  the  permissible  maximum  value).  Breakout  in  the  forward 
direction  was  only  1 pound.  This  asymmetry  in  breakout  was  observed  in  flight 
and  was  objectionable.  The  longitudinal  cyclic  control  failed  to  meet  the  limit 
force  provision  of  paragraph  3.2.6  of  MIL-H-8501A  in  that  the  limit  force  was 
14  pounds  (6  pounds  greater  than  the  permissible  maximum  value). 

19.  The  lateral  cyclic  mechanical  characteristics  of  the  AH- IS  were  evaluated  on 
the  ground  partially  with  ground  hydraulic  power  and  partially  with  rotors  turning, 
engine  at  flight  idle.  The  change  in  means  of  furnishing  hydraulic  power  was 
necessitated  by  failure  of  the  ground  hydraulic  power  unit.  A plot  of  force  versus 
displacement  is  presented  in  figure  16  appendix  E.  A wide  trim  control 
displacement  band  of  0.72  inch  was  noted  on  the  ground.  This  band  caused  lateral 
cyclic  trim  difficulties  in  flight.  When  the  cyclic  was  displaced  laterally  from  trim 
it  would  not  return  to  the  original  trim  position.  Lack  of  precise  centering  is  a 
shortcoming.  The  lateral  cyclic  breakout  characteristics  failed  to  meet  the  provisions 
of  the  detail  specification  in  that  the  breakout  force  to  the  right  was  3.3  pounds 
(1.05  pounds  greater  than  the  permissible  maximum  value).  The  lateral  cyclic 
control  failed  to  meet  the  limit  force  provision  of  paragraph  3.2.6  of  MIL-H-8501A, 
in  that  the  limit  force  was  19  pounds  (8  pounds  permissible). 

Control  Positions  in  Trimmed  Forward  Flight 

20.  Control  positions  in  trimmed  forward  flight  were  evaluated  in  conjunction 
with  level  flight  performance  tests  at  the  general  conditions  listed  in  table  1 . Test 
data  are  presented  in  figures  17  and  18,  appendix  E,  for  both  the  jammer-off 
and  jammeron  configurations.  The  trimmed  control  position  characteristics  of  the 
AH- IS  equipped  with  the  IRS  in  both  the  jammer-off  and  jammer-on  configurations 
are  satisfactory. 

Static  Longitudinal  Stability 

21.  The  static  longitudinal  stability  characteristics  of  the  AH- IS  were  evaluated 
the  conditions  shown  in  table  1 for  both  jammer-on  and  jammer-off 

configurations.  Test  techniques  are  described  in  appendix  D.  The  variation  of 
control  position  with  airspeed  is  presented  in  figures  19  and  20,  appendix  E.  The 
only  apparent  change  in  static  longitudinal  stability  caused  by  the  IR  jammer  can 
be  seen  in  figure  20.  At  airspeeds  above  the  trim  airspeed  of  1 19  knots  calibrated 
airspeed  (KCAS),  stability  was  nearly  neutral  with  the  jammer  installed,  but  the 
pilot  noticed  no  change  in  stability.  Qualitatively,  the  static  longitudinal  stability 
of  the  AH- IS  was  not  significantly  affected  by  installation  of  the  IRS  or  IR 
jammer. 

Static  Lateral-Directional  Stability 

22.  The  static  lateral-directional  stability  of  the  AH-1S  was  evaluated  at  the 
conditions  listed  in  table  1,  using  the  techniques  described  in  appendix  D.  The 
variation  of  control  position  with  sideslip  angle  is  presented  in  figures  21 
through  24,  appendix  E. 


6 


23.  Figures  23  and  24,  appendix  E,  present  data  gathered  at  a trim  airspeed  of 
1 1 9 KCAS,  in  four  different  aircraft  configuration!',.  The  data  indicate  that  no 
significant  change  in  lateral-directional  characteristics  was  caused  by  aircraft  eg 
location,  wing  configuration,  engine  exhaust  configuration  (IRS  or  standard),  or 
by  installation  of  the  IR  jammer.  Data  in  figures  21  and  22  indicate  that 
installation  of  the  IR  jammer  caused  no  degradation  in  lateral-directional  stability 
at  a nominal  6S  KCAS  in  level  flight  or  autorotation.  Pilot  comments  substantiated 
these  conclusions.  The  static  lateraldirectional  stability  of  the  AH- IS  was 
unaffected  by  installation  of  the  IRS  or  IR  jammer. 

Dynamic  Stability 

24.  Throughout  this  evaluation,  an  annoying  dutch-roll  oscillation  was  observed. 
Therefore,  an  investigation  to  determine  the  cause  of  the  oscillation  was  conducted 
at  the  conditions  listed  in  table  1.  The  test  was  conducted  by  making  directional 
doublet  inputs  at  incrementally  increasing  airspeeds  in  level  flight  (SCAS  ON  and 
OFF)  and  dives  (SCAS  ON).  The  stability  was  evaluated  by  counting  the  number 
of  cycles  to  damp  to  a specified  fraction  of  the  initial  amplitude.  The  data  system 
limitations  precluded  a quantitative  definition  of  the  damping. 

25.  The  dutch-roll  oscillation  observed  was  characterized  by  an  approximate 
3-second  period  and  a roll-to-yaw  ratio  of  1/3.  The  oscillation  was  observed  during 
level  flight  performance  testing  with  clean  wing,  forward  eg  location,  and  with 
jammer  ON  and  OFF.  It  was  also  observed  during  handling  qualities  tests  with  an 
8-TOW  configuration  at  an  aft  eg  location.  Therefore,  only  the  effects  of  aircraft 
gross  weight  and  airspeeu  and  of  IRS  installation  were  evaluated. 

26.  At  light  gross  weight  (8460  pounds)  with  IRS  installed  and  SCAS  ON, 
damping  of  the  dutch  roll  was  acceptable  at  all  airspeeds  tested.  With  SCAS  OFF, 
the  oscillation  became  neutrally  damped  at  approximately  95  KCAS  and  was 
divergent  at  higher  airspeeds.  In  level  flight  at  approximatley  9440  pounds  with 
SCAS  ON  and  IRS  installed,  the  dutch  roll  was  unacceptable  at  airspeeds  greater 
than  110  KCAS.  At  130  KCAS  the  oscillation  was  self-excited  and  undamped. 
At  70  KCAS,  SCAS  OFF,  the  oscillation  became  neutrally  damped,  indicating  that 
damping  decreases  with  increasing  gross  weight.  One  flight  was  made  at  heavy  gross 
weight  with  the  standard  AH-1  tail  pipe  installed.  The  dutch-roll  characteristics 
were  essentially  unchanged  from  those  observed  with  the  IRS  installed.  During 
diving  simulated  gun  runs  at  airspeeds  up  to  180  KCAS,  dutch-roll  oscillations 
were  not  apparent. 

27.  The  dutch-roll  characteristics  at  heavy  gross  weights  above  110  KCAS  level 
flight  required  continuous  corrective  pilot  inputs  to  hold  heading  and  aircraft 
attitude  constant.  This  oscillation  has  been  previously  observed  on  the  AH-1G 
(ref  10,  app  A)  but  is  more  pronounced  at  the  heavier  gross  weights  associated 
with  AH- IS  operation.  The  dutch-roll  characteristics  at  heavy  gross  weights 
significantly  degrade  flight  characteristics  at  cruise  airspeeds,  degrade  the 
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effectiveness  of  the  AH- IS  as  a weapons  platform,  and  are  a shortcoming.  The 
requirements  of  paragraph  3.2.1 1 of  MIL-H-8501A  were  not  met,  in  that  damping 
to  one-half  amplitude  did  not  occur  within  four  cycles,  and  a tendency  existed 
for  small  amplitude  undamped  oscillations  to  persist. 

Low-Speed  Flight  Characteristics 

28.  The  low-speed  flight  characteristics  of  the  AH- IS  in  the  8-TOW  configuration 
were  evaluated  at  the  general  conditions  listed  in  table  1.  A pace  vehicle  was 
employed  for  stabilized  airspeed  reference.  The  test  techniques  and  data  analysis 
methods  used  are  described  in  appendix  D.  The  results  of  the  test  are  presented 
as  figures  25  and  26,  appendix  E.  Figure  26  shows  that  at  the  right  sideward 
flight  limit  of  20  KTAS  (gross  weight  9800  pounds),  only  6 percent  directional 
control  margin  remained.  The  lack  of  adequate  control  margin  at  the  operator's 
manual  specified  limit  airspeed  is  a shortcoming. 

Autorotational  Entries 

29.  The  aircraft  response  to  sudden  engine  failure  was  evaluated  in  the  8-TOW, 
jammer-installed  configuration  at  the  general  conditions  listed  in  table  1.  The 
engine  failures  were  evaluated  at  60  KCAS  in  level  flight,  and  60  KCAS  in  an 
1 100-foot  per  minute  climb  (85  percent  torque).  Qualitatively,  the  aircraft  response 
to  sudden  engine  failure  was  unaffected  by  the  addition  of  the  IRS  and  the 
IR  jammer. 


HUMAN  FACTORS 
Preflight  Inspection 

30.  Preflight  inspections  were  performed  prior  to  each  flight  in  accordance  with 
the  operator's  manual.  The  sight  glass  on  the  90-degree  gearbox  was  not  readily 
visible,  due  to  its  recessed  location  and  the  small  cowl  opening.  The  location  of 
the  sight  glass  on  the  AH-1S  is  different  from  the  AH-1G.  The  oil  level  could 
not  be  seen  without  a flashlight  or  a ladder  (photo  A).  This  item  is  a mandatory 
flight  inspection  item.  The  difficulty  in  checking  the  90  degree  gearbox  oil  level 
due  to  cowling  design  is  a shortcoming. 

Cockpit  Evaluation 

31.  The  cockpit  was  evaluated  throughout  the  test  as  a normal  portion  of  each 
flight.  During  engine  start,  difficulties  were  encountered  in  visually  locating  the 
battery,  generator,  and  inverter  switches.  These  switches  were  located  directly  below 
the  collective  lever  control  head  and  were  obscured  by  it  (photo  B).  These  switch 
locations  are  different  from  the  AH-1G  switch  locations.  The  pilot  could  not  see 
these  switches  without  releasing  his  harness  lock  and  leaning  far  forward,  a position 
from  which  he  could  not  fly  the  aircraft.  Emergency  procedures  such  as  engine 
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failure,  fuselage  fire,  electrical  fire,  generator  failure,  and  inverter  failure  require 
correct  and  rapid  identification  and  actuation  of  the  hidden  switches.  The  inability 
to  see  the  battery,  generator  and  inverter  switches  from  the  pilot  station  is  a 
shortcoming. 

32.  The  pilot  station  ventilation  system  on  the  production  AH-1S  consists  of  a 
main  vent  control  knob  and  two  rectangular  vent  outlets  located  on  the  left  and 
right  sides  of  the  instrument  console.  This  ventilation  system  is  different  from 
the  AH-1G  system.  Vent  outlets  are  nonadjustable,  having  fixed  vanes  which  direct 
airflow  to  the  pilot's  face  and  chest.  Seperate  on/off  vent  controls  are  provided 
at  each  outlet,  but  are  poorly  designed  and  easily  damaged,  as  evidenced  by  the 
broken  right  side  control  on  the  test  aircraft  (photo  C).  When  hovering  over 
unprepared  surfaces,  the  dust  and  dirt  raised  by  the  rotor  downwash  is  readily 
ingested  into  the  aircraft  vent  system  and  forcibly  ejected  onto  the  pilot's  face 
and  chest.  Even  with  a properly  fitted  helmet  and  with  the  visor  full  down, 
sufficient  dust  and  dirt  can  be  blown  into  the  pilot’s  eyes  to  cause  temporary 
blindness  and  eye  damage  with  the  potential  for  loss  of  visual  reference  and  aircraft 
damage.  Operation  from  unprepared  surfaces  is  an  integral  portion  of  the  AH- IS 
mission.  The  present  nonadjustable  ventilation  system  is  a deficiency  and  should 
be  modified  as  soon  as  possible. 


SUBSYSTEM  TESTS 


Engine  Performance 

33.  No  attempt  was  made  to  experimentally  determine  engine  performance 
degradation  caused  by  IRS  installation.  Such  a determination  has  been  made  by 
GAMC  using  an  engine  test  stand.  However,  exhaust  gas  static  pressure  (PS7)  data 
were  gathered  during  the  level  flight  performance  test  and  are  presented  in 
figure  27,  appendix  E.  The  data  are  presented  in  response  to  an  AVRADCOM 
request.  No  attempt  has  been  made  to  analyze  the  data. 

Pitot-Static  System 

34.  The  pitot-static  system  of  the  AH- IS  was  evaluated  in  level  and  climbing 
flight  at  the  general  conditions  listed  in  table  1 , using  the  calibrated  pace  aircraft 
method.  The  test  techniques  and  data  reduction  methods  are  presented  in 
appendix  D.  Figure  28,  appendix  E,  presents  the  corrections  for  level  flight,  which 
are  consistent  with  airspeed  corrections  listed  in  the  operator's  manual. 

35.  During  climbing  flight  at  80  KIAS  and  at  1000  feet  per  minute  rate  of  climb 
(85  percent  torque),  airspeed  errors  of  20  knots  were  noted  on  the  AH-1S  ship's 
system.  Although  the  test  (boom-mounted)  airspeed  system  and  the  pace  aircraft 
airspeed  system  were  not  calibrated  in  climbs,  both  systems  showed  excellent 
agreement  and  indicated  that  the  AH-1S  ship's  system  was  reading  20  KIAS  high. 
Upon  power  reduction  to  level  flight  power,  the  ship's  system  rapidly  dropped 


11 


Broken  vent  control 


Photo  C.  Pilot  Right-Hand  Vent  Control, 


20  knots  to  indicate  correctly  while  both  the  test  airspeed  system  and  the  pace 
airspeed  remained  constant.  The  operator's  manual  indicates  that  the  position  error 
in  climbs  at  80  KIAS  is  4 knots.  The  excessive  airspeed  indicating  error  in  climbing 
flight  can  adversely  affect  aircraft  performance  and  is  a shortcoming. 


CONCLUSIONS 


GENERAL 

36.  Installation  of  the  IRS  and  the  IR  jammer  on  the  AH-1S  caused  little 
degradation  in  power  required.  The  reduction  in  power  available  was  not  determined 
during  these  tests  but  was  supplied  by  AVRADCOM.  Additionally,  no  significant 
changes  in  handling  qualities  were  found  as  a result  of  the  IRS  or  IR  jammer. 
One  deficiency  and  six  shortcomings  inherent  in  the  AH-1S  aircraft  were  identified. 


SPECIFIC 

37.  Out-of-ground-effect  hover  payload  capability  of  the  AH-1S  with  the  IRS 
installed  was  reduced  220  pounds  at  4000  feet,  35°C  ambient  air  conditions 
(para  12). 

38.  Maximum  level  flight  airspeed  at  9300  pounds,  2000  feet,  and  25°C  was 
reduced  3.5  KTAS  with  installation  of  the  IRS  (para  16). 

39.  The  AN/ALQ-144  IR  jammer  caused  no  measurable  increase  in  the  drag  of 
the  AH- IS  (para  17). 


DEFICIENCY 

40.  The  nonadjustable  ventilation  system  of  the  AH-1S  is  a deficiency  (para  32). 


SHORTCOMINGS 

41.  The  following  AH- IS  shortcomings  were  identified  and  are  listed  in  decreasing 
order  of  relative  importance: 

a.  The  lightly  damped  dutch-roll  oscillations  above  110  KCAS  at  heavy 
gross  weight  with  SCAS  ON  or  OFF  (para  27). 

b.  The  excessive  airspeed  position  error  in  climbing  flight  (para  35). 

c.  The  lack  of  adequate  directional  control  margin  at  20  KTAS  right 
sideward  flight  (operator's  manual  limit)  (para  28). 

d.  The  inability  to  see  the  battery,  generator,  and  inverter  switches  from 
the  pilot  station  (para  31). 

e.  The  difficulty  in  checking  the  90  degree  gearbox  oil  level  (para  30). 


f.  The  lack  of  precise  cyclic  control  centering  (paras  18  and  19). 


SPECIFICATION  COMPLIANCE 

42.  The  AH- IS  failed  to  meet  the  following  requirements  of  the  detail 
specification:  The  breakout  force  for  the  pilot's  cyclic  shall  be  2.0  ± 0.25  pounds. 
The  longitudinal  and  lateral  breakout  forces  were  2.5  pounds  (aft)  and  3.3  pounds 
(right),  respectively  (paras  18  and  19). 

43.  The  AH-1S  failed  to  meet  the  following  requirements  of  MIL-H-8501A: 

a.  Paragraph  3.2.6.  - Longitudinal  and  lateral  limit  control  forces  of 
14  pounds  and  19  pounds,  respectively,  failed  to  meet  the  8 pound  maximum 
specified  (paras  18  and  19). 

b.  Paragraph  3.2.11.  - The  dutch-roll  oscillations  at  heavy  gross  weights 
above  110  KCAS  with  SCAS  ON  failed  to  meet  the  damping  requirements 
(para  27). 


IS 


f 


RECOMMENDATIONS 

44.  The  deficiency  and  shortcomings  in  paragraphs  40  and  41  should  be  corrected 
as  soon  as  possible  to  increase  the  safety  and  operational  capability  of  the  AH- IS 
helicopter. 
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APPENDIX  B.  DESCRIPTION 


GENERAL 

1.  The  test  helicopter,  S/N  76-22573,  was  a production  AH-1S  modified  to 
accommodate  the  IR  suppressor.  The  principal  structural  modification  was  the 
redesign  of  the  cowling  which  provided  support  for  the  IR  suppressor  and  the 
AN/ALQ-144  IR  jammer.  Photos  1 through  5 show  the  test  aircraft,  IRS,  and 
IR  jammer. 


IR  SUPPRESSOR  SYSTEM 

2.  The  IR  suppressor  system  consisted  of  three  major  elements:  The  cowling 
assembly,  upon  which  the  AN/ALQ-144  jammer  was  mounted,  the  exhaust  duct 
and  the  IR  suppressor.  The  cowling  assembly  was  redesigned  from  that  on  a 
production  AH-1S  aircraft.  The  IR  suppressor  was  a plug-type  suppressor  which  used 
the  size  and  shape  of  the  plug  to  hide  the  hot  engine  parts.  The  suppressor  also 
had  circumferentially  oriented  vents  to  act  as  an  ejector  to  entrain  compartment 
and  ambient  air  to  mix  with  the  engine  exhaust,  thereby  reducing  exhaust  gas 
temperature.  Airflow  through  the  engine  was  extended  aft  and  upward  by  an 
exhaust  duct  and  the  IR  suppressor.  The  exhaust  duct  was  covered  by  an  insulated 
blanket. 

3.  The  weight  of  the  installation  was  approximately  103.1  pounds  and  the  weight 
of  the  original  aircraft  components  replaced  by  the  suppressor  and  mounting 
structure  was  approximately  32.1  pounds  for  a net  weight  increase  of  71  pounds 
(contractor-furnished  data).  A change  in  aircraft  eg  location  was  also  associated 
with  the  IRS  installation.  This  change  allowed  removal  of  20  pounds  of 
factory-installed  ballast  in  the  aircraft  tail.  Therefore,  the  total  aircraft  empty  weight 
increase  was  51  pounds.  Aircraft  empty  weight  and  eg  location  (with  digital 
instrumentation  installed)  was  6751  pounds  at  FS  201.43. 


ENGINE 

4.  The  T53-I/703  turboshaft  engine  is  installed  in  the  AH-1S  helicopter.  This 
engine  employs  a two-stage,  axial-flow  free  power  turbine;  a two-stage,  axial-flow 
turbine  driving  a five-stage  axial  and  one-stage  centrifugal  compressor;  variable  inlet 
guide  vanes;  and  an  external  annular  combustor.  A 3.2105:1  reduction  gear  located 
in  the  air  inlet  housing  reduces  power  turbine  speed  to  a nominal  output  shaft 
speed  of  6600  ipm  at  100  percent  N2.  The  engine  reduction  gearbox  is  limited 
to  1175  foot-pounds  (ft-lb)  torque  for  30  minutes  and  to  1110  ft-lb  torque  for 
continuous  operation.  A Ty  interstage  turbine  temperature  sensor  harness  measures 
interstage  tuibine  temperatures  and  displays  this  information  in  the  cockpit  as  TGT 
on  the  cockpit  instruments. 
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Photo  1.  AH-1S  Helicopter  with  IRS  Installed. 


Photo  5.  IRS  and  AN/ALQ-144  lammer  Installation. 


TRANSMISSION  AND  TAIL  ROTOR  DRIVE 


S.  The  main  transmission  has  a 1 290  shp  limit  for  30  minutes  at  airspeeds  below 
90  KCAS  and  a 1134  shp  limit  for  continuous  operation  at  a rotor  speed  of 
324  rpm  (100  percent  Nr).  The  tail  rotor  drive  system  has  a 260  shp  transient 
limit  for  4 seconds  and  a 187  shp  limit  for  continuous  operation. 


AIRCRAFT  DESCRIPTION 

6.  Principal  dimensions  and  general  data  of  the  AH-1S  helicopter  are  as  follows: 
Overall  Dimensions 


Length,  rotors  turning 

52  ft,  11  in. 

Width,  rotors  turning 

44  ft 

Height,  highest  point 

13  ft,  5.5  in. 

Length,  rotors  removed 

45  ft,  2.2  in. 

Main  Rotor 

Diameter 

44.0  ft 

Disc  area 

1520.5  ft2 

Solidity 

0.0651 

Number  of  blades 

2 

Blade  chord 

27.0  in. 

Blade  twist 

-0.455  deg/ft 

Airfoil 

9.33  percent  special 
symmetrical  section 

Tail  Rotor 

Diameter 

8.5  ft 

Disc  area 

56.74  ft2 

Solidity 

0.105 

Number  of  blades 

2 

Blade  chord 

8.41  in. 

Blade  twist 

0.0  deg/ft 

Airfoil  section 

NACA  0010 
modified 

Fuselage 

Length,  rotors  removed  45  ft,  2.2  in. 

Height: 

To  tip  of  tail  fin  10  ft,  4 in. 

Ground  to  top  of  engine/transmission 

fairing  10  ft,  2 in. 
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Width: 

Fuselage  only 
Wing  tip  to  wing  tip 
Engine  cowling 
Skid  gear  tread 
Elevator: 

Span,  tip  to  tip 
Area 
Airfoil 
Vertical  fin: 

Area 

Airfoil 

Height 

Wing: 

Span,  tip  to  tip 
Area 

Incidence 
Airfoil  (root) 

Airfoil  (tip) 


3 ft 

10  ft,  8.24  in. 

3 ft,  6 in. 

7 ft,  4 in. 

6 ft,  2 in. 

25.2  ft2 

Inverted  Clark  Y 

18.5  ft2 
Special  camber 
5 ft,  6 in. 

10  ft,  8.24  in. 
27.8  ft2 
14  deg 
NACA  0030 
NACA  0024 


FLIGHT  ENVELOPE 

7.  The  AH-1S  with  the  IRS  and  IR  jammer  installed  was  cleared  for  flight  within 
the  flight  envelope  in  the  operator's  manual  with  the  additional  load  factor  and 
sideslip  limits  presented  in  figures  1 and  2.  These  additional  limits  were  imposed 
by  the  airworthiness  release. 


r.  * * 
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APPENDIX  C.  INSTRUMENTATION 


1 . The  cassette  magnetic  tape  system  used  as  the  primary  means  of  obtaining 
engineering  flight  test  data  was  designed,  installed,  and  maintained  by  Garrett 
Ai Research  at  Phoenix,  Arizona.  The  main  instrumentation  package  (photo  1)  was 
located  in  the  ammunition  compartment  area  (FS  115)  and  the  visual  display  was 
located  at  the  engineer  flight  station  (FS  60).  The  visual  display  was  designed  to 
allow  parameter  selection  by  the  flight  engineer.  The  up  date  period  of  the  visual 
display  could  also  be  selected  and  ranged  from  0.5  to  7.0  seconds.  A pitot-static 
boom  incorporating  angle-of-attack  and  angle-of-sideslip  vanes  was  mounted  on  the 
aircraft  nose. 

2.  The  data  generated  during  this  PAE  (and  during  the  contractor  tests  which 
preceded  it)  are  of  questionable  validity  because  of  the  data  acquisition  system. 
The  system  is  not  well  suited  to  the  type  of  experimental  measurements  required 
in  this  program.  Accurate  measurement  requires  that  each  parameter  be  sampled 
several  times  per  second  and  that  an  average  of  these  samples  over  several  seconds 
be  taken.  To  avoid  aliasing  errors  the  minimum  number  of  samples  per  second 
should  equal  five  times  the  maximum  frequency  of  parameter  oscillations.  Even 
with  one-hertz,  low-pass,  presampling  filters  the  minimum  data  sampling  rate 
required  is  5 samples  per  second.  The  maximum  available  was  2 samples  per 
second. 

3.  Parameters  recorded  on  tape  and  displayed  at  the  flight  engineer  station  are’ 
listed  below: 

Airspeed  (boom) 

Altitude  (boom) 

Main  rotor  speed 

Engine  inlet  turbine  temperature 

Gas  generator  speed 

Engine  output  shaft  speed 

Engine  fuel  flow 

Fuel  used 

Engine  torque  oil  pressure 

Hover  thrust  load  cell 

Exhaust  gas  pressure  (10  locations) 

Outside  air  temperature 
Angie  of  attack 
Angle  of  sideslip 
Control  position: 

Longitudinal 
Lateral 
Directional 
Collective 
Throttle  position 


at 


4.  Sensitive  indicators  located  at  the  pilot  station  were: 

Airspeed  (boom) 

Altitude  (boom) 

Angle  of  sideslip 
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APPENDIX  D.  TEST  TECHNIQUES  AND 
DATA  ANALYSIS  METHODS 


GENERAL 

1 . Helicopter  performance  test  data  were  generalized  by  use  of  nondimentional 
coefficients.  The  purpose  of  this  generalization  was  to  accurately  predict 
performance  at  aircraft  gross  weight/ambient  air  condition  combinations  not 
specifically  tested.  The  following  coefficients  were  used: 

a.  Coefficient  of  power  (Cp): 

^ _ SHP  x 550 

<.p * 

pA  (SIR)3 

b.  Coefficient  of  thrust  (C*r): 

Ct  ' pA02R)2 


c.  Advance  ratio  (p): 

1.6878  x Vt 


P = 


f2R 


d.  Advancing  tip  mach  number  (Myip): 
1.6878  VT  + fiR 


M- 


TIP 


Where: 

SHP  = Engine  output  shaft  horsepower 
550  = Conversion  factor  (ft-lb/sec/shp) 
p * Air  density  (lb-sec  2/ft  4) 

A = Main  rotor  disc  area  (ft2) 

= Main  rotor  angular  velocity  (rad/sec) 
R = Main  rotor  radius 
GW  * Gross  weight  (lb) 


n 

i 


M 


i • 

K 
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1.6878  = Conversion  factor  (ft/sec/kt) 
Vj  = True  airspeed  (kt) 
a = Speed  of  sound  (ft/sec) 


i 


2.  Engine  output  shp  was  determined  from  the  engine  torque  pressure.  Torque 
pressure  as  a function  of  the  power  output  of  the  engine  was  obtained  from  the 
engine  manufacturer's  test  cell  calibration.  Horsepower  was  determined  by  the 
following  equation: 


SHP 


2n  x Ne  x T( 

357500 


Where: 


Ne  = Engine  output  shaft  speed  (rpm) 

Tq  = Engine  output  shaft  torque  (ft-lb) 
33,000  = Conversion  factor  (ft-lb/min/shp) 
SHP  = Shaft  horsepower 


HOVER  PERFORMANCE 

3.  The  tethered  method  of  hover  performance  testing  was  used.  This  method 
required  that  the  aircraft  be  at  a very  light  gross  weight,  that  it  be  tied  to  the 
ground  by  a cable  which  would  allow  only  a 15-foot  skid  height,  and  that  a load 
cell  be  used  to  measure  cable  tension.  During  the  test  the  cable  was  kept  taut 
and  vertical  at  all  times.  To  get  a maximum  variation  of  Cy  (equation  2)  rotor 
speed  and  cable  tension  were  varied  during  the  test.  The  technique  used  to  vary 
cable  tension  was  to  set  various  torque  settings  from  minimum  required  to  hover 
at  IS  feet  to  the  maximum  allowed  at  test  conditions.  Cable  angle  was  relayed 
to  the  pilot  by  radio  from  two  ground  observers  in  order  to  maintain  the  aircraft 
directly  over  the  ground  tie-down  point. 

4.  The  data  were  plotted  as  Cp  versus  Ct  using  equations  1 and  2.  The  gross 
weight  in  equation  2 was  determined  by  adding  cable  tension  and  the  weight  of 
the  cable  and  load  cell  to  the  engine  start  gross  weight,  and  then  subtracting  the 
weight  of  the  fuel  burned  prior  to  each  data  point.  The  data  points  were  then 
curve  fit  using  a multiple  linear  regression  program.  The  equation  of  the  resulting 
line  is: 

Cp  x 10*  « 2.689747625  + 0.121 185269(C>r  x 104)3/2 
-0.0000 14595(Cr  x 10^)3. 
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The  equation  is  valid  only  for  the  range  of  Cr's  actually  tested  and  should  not 
be  used  to  extrapolate  to  higher  or  lower  values  of  Cp. 

S.  A data  sample  rate  of  2 per  second  was  used  and  all  the  data  samples  for 
a given  test  point  were  averaged  together  to  obtain  one  Cp  vs  Cr  data  point  on 
figure  1,  appendix  E.  This  was  done  to  try  to  minimize  aliasing  errors  caused  by 
limited  sampling  of  a fluctuating  parameter  (cable  tension).  Some  error  probably 
remains  in  the  data. 


LEVEL  FLIGHT  PERFORMANCE 

6.  Each  level  flight  performance  flight  was  designed  to  obtain  one  curve  of  Cp 
versus  p at  a constant  value  of  Cj.  The  flight  technique  was  to  stabilize  at  zero 
sideslip  at  incremental  airspeeds  from  approximately  40  KIAS  to  the  maximum 
attainable.  At  each  airspeed,  torque,  altitude,  airspeed,  and  rotor  speed  were  held 
constant  for  at  least  1 minute  prior  to  recording  data.  Altitude  was  increased 
between  data  points  as  a function  of  fuel  bumoff  in  order  to  maintain  a constant 
ratio  of  gross  weight  to  air  pressure  ratio  (GW/6 ).  Also,  rotor  speed  (N)  was  varied 
as  a function  of  ambient  air  temperature  in  order  to  maintains  constant  ratio 
of  rotor  speed  to  square  root  of  the  air  temperature  ratio  (NA/0).  By  rearranging 
equation  2 as  follows: 


poA  (— — — )2  (-^)2 

60  y/0 

it  can  be  seen  that  Ct  will  also  be  constant  if  GW/6  and  N fy/lT  are  constant. 
During  these  tests,  the  target  GW/6_  was  different  for  each  flight  in  a given  aircraft 
configuration,  but  the  target  NA/0wa s 320  rpm  for  all  flights.  Because  of  varying 
differential  between  the  actual  rotor  speed  (recorded  on  magnetic  tape)  and  the 
cockpit  displayed  rotor  speed, _N/v/0  varied  slightly  from  flight  to  flight.  The  reason 
for  maintaining  constant  N ly/B  was  to  minimize  the  difference  in  compressibility 
effects  between  flights. 

7.  The  Cp  versus  p curves  were  cross  plotted  as  Cp  versus  Cr  with  lines  of 
constant  p . From  these  curves  (figs.  2 through  4,  app  E)  level  flight  performance 
at  any  combination  of  gross  weight,  rotor  speed,  pressure  altitude*  and  air 
temperature  can  be  determined. 

Test-day  level  flight  power  was  corrected  to  standard-day  conditions  (as  shown 
in  figs.  7 th rough t 14,  app  E)  by  assuming  that  the  test-day  dimensionless 
parameters,  Cpt,  CTj.  and  p t are  independent  of  atmospheric  conditions. 
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Consequently,  the  standard-day  dimensionless  parameters  Cp,,  Cts,  and  p 8 are 
identical  to  Cpt,  Crt,  and  p t>  respectively.  From  die  definition  of  equation  1, 
the  following  relationship  can  be  derived: 


SHP. 


SHP t x x 


P t 


3 


Where: 


SHP  * Engine  output  shaft  horsepower 
p * Air  density  (slug/ft3) 
t = Test  day 
s = Standard  day 

ft  * Main  rotor  angular  velocity  (rad/sec) 

A similar  correction  for  Vp  could  be  derived  from  the  definition  of  p (equation  3). 
This  correction  was  insignificantly  small  and  therefore  not  made. 

9.  Specific  range  was  calculated  using  measured  values  of  Vj  and  fuel  flow  as 
follows: 

VT 

NAMPP  « 


Wheie: 


NAMPP  * Specific  range  (nautical  air  miles  per  pound  of  fuel) 

Vt  = True  airspeed  (kt) 

Wf  - Fuel  flow  (lb/hr) 

10.  The  change  in  drag  between  IRS  installed  and  uninstalled  configurations  was 
determined  in  terms  of  a change  in  equivelent  flat  plate  area  (Afe).  The  equation  for 
Afe  is  as  follows: 


Af. 


2(ACp)  (A) 

3 
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Where: 


Afe  = Change  in  equivalent  flat  plate  area  (ft  2) 

ACp  = Difference  in  power  coefficient  required  between  two 
configurations  at  the  same  advance  ratio  and  thrust  coefficient 

A = Main  rotor  disc  area  (ft2) 

H = Advance  ratio 

1 1 .  Three  neat  instantaneous  samples  of  each  parameter  were  taken  at  each  test 
condition  and  averaged  together  to  make  one  data  point.  The  three  samples  were 
approximately  30  seconds  apart.  With  this  instrumentation  system  this  was  the 
fastest  sample  rate  which  would  provide  valid  engine  exhaust  static  pressures. 
Parameter  fluctuations  during  this  test  are  usually  small  (unlike  cable  tension  during 
hover  performance  tests)  and  therefore  aliasing  errors  at  this  sample  rate  are 
probably  small. 


CONTROL  SYSTEM  CHARACTERISTICS 

1 2.  These  tests  were  conducted  on  the  ground  with  hydraulic  and  electrical  power 
provided  by  ground  power  units.  A hand-held  force  gage  was  used  to  measure 
the  force  required  to  move  the  cyclic  control  in  incremental  displacements  to  the 
limits  of  travel  in  four  directions.  Hysteresis  was  checked  by  taking  measurements 
in  the  increasing  and  decreasing  force  directions. 


CONTROL  POSITIONS  IN  TRIMMED  FORWARD  FLIGHT 

13.  Data  for  this  evaluation  were  a by-product  of  the  level  flight  performance 
tests.  No  special  test  techniques  or  data  analysis  methods  were  required. 


STATIC  LONGITUDINAL  STABILITY 

14.  These  tests  were  accomplished  by  establishing  a trim  condition  (airspeed/power 
combination)  with  zero  control  forces.  Without  changing  the  collective  positions, 
trim  setting  or  rotor  speed,  the  helicopter  was  stabilized  at  incremental  airspeeds 
both  faster  and  slower  than  the  trim  airspeed,  using  cyclic  only.  To  speed  the 
data  reduction,  only  one  data  sample  was  taken  at  each  stabilized  speed. 


STATIC  LATERAL-DIRECTIONAL  STABILITY 

I 5.  These  tests  were  conducted  by  first  establishing  a zero  sideslip  trim  condition, 
in  level  and  autorotational  flight  and  then  incrementally  varying  sideslip  angle  (both 
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left  and  right)  until  the  limits  of  the  sideslip  envelope  or  a full  control  deflection 
were  reached.  Each  test  was  conducted  with  collective  and  airspeed  maintained 
at  the  trim  values. 


DYANAM1C  STABILITY 

1 6.  These  tests  consisted  of  a dutch  roll  investigation  only.  The  test  was  conducted 
by  first  establishing  a trim  condition  at  a desired  airspeed,  making  a pedal  doublet 
input,  and  then  returning  all  controls  to  trim.  Damping  of  the  resultant  oscillation 
was  evaluated  by  counting  the  number  of  times  the  aircraft  passed  through  the 
trim  condition  (trim  overshoots)  before  it  restabilized  on  trim.  The  number  of 
cycles  to  damp  is  equal  to  half  the  number  of  trim  overshoots. 


LOW-SPEED  FLIGHT  CHARACTERISTICS 

17.  Testing  was  accomplished  using  the  ground  pace  vehicle  method  at  a constant 
skid  height  of  10  feet  in  winds  of  5 knots  or  less.  The  method  consisted  of 
stabilizing  the  test  aircraft  on  a ground  pace  vehicle  having  a calibrated  speed 
system.  Tests  were  flown  in  5 knot  increments  horn  a hover  to  40  knots  forward, 
30  knots  rearward,  30  knots  left  sideward,  and  20  knots  right  sideward  (operator's 
manual  limit).  A data  sample  rate  of  2 per  second  was  used  and  the  data  were 
averaged  over  each  test  point. 


PITOT-STATIC  SYSTEM 

18.  Airspeed  position  errors  of  the  boom  and  ship's  systems  were  determined  by 
pacing  the  test  aircraft  with  an  AH-1G  with  a calibrated  airspeed  system.  The  test 
aircraft  boom  system  was  used  as  a reference  for  all  data  reduction  during  this 
evaluation.  The  position  error  of  this  system  is  presented  in  figure  1. 


I::::”:::! 


:::::::::::::::::::::::: 


[ggasssi 


::::::::::::  H:H! 


:::::::::: 


!:::::  10::: 


igliillii 


IIM  ••••••••••  >M*a 


APPENDIX  E.  TEST  DATA 


INDEX 


Title 

Figure  Number 

Hover  Performance 

1 

Nondimensional  Level  Flight  Performance 

2 through  S 

Dimensional  Level  Flight  Performance 

6 through  14 

Control  System  Characteristics 

IS  and  16 

Control  Positions  in  Trimmed  Level  Flight 

17  and  18 

Static  Longitudinal  Stability 

19  and  20 

Static  Lateral-Directional  Stability 

21  through  24 

Low-Speed  Forward  and  Rearward  Flight 

25 

Sideward  Flight 

26 

Referred  Engine  Characteristics 

27 

Airspeed  Calibration 

28 

M 


I ••••••••••••••• •••••••••••••••••••••••••••••••••••• ••••••••••••••..  .............  ••••••••••  MMiwtumwimiiiiMwmii 

■•••••••••I  • • * ••••••••••••••••••••  ••••••••••••■•••••••••••••••••  ••••••••••  aMMaiaal  {MmmM  • < 

■ •••••••••••••••••••• a •••••• aaa •••••••■•• aaaaaa  i •••••••••«••<•••>•  MWMuMMHOUMMMWimi  »>»»»»»»»»  » 

.1 I.:.—:!...:.:....;.......;-  Y 'Vj:stsHtt:::K:mmttj3!umEE 

“ — .......i.. 4... *-ia aaaaaaaaaaaa •••••••••••••••  •••••••••  ••••••••••  


• •••I 

>••••< 


MB:::::: 

OBI 


urn::*:::: 

_ »•#•••>•••  MMtMfM  ••■■I 

I aaaaaaaaaa  aaaaaaaaaa 

■ •••••  •••••••••••••••  ..........  ••••••••■•  ••••<••••<  ••••••••••••••••••••••••••••••••••■  •••••••••••••■•  »»»—>—«  Mill 

••  • • • .«aataaa  naaaaaaaa  aaaaaaaaaa  Man 

■ ••••a aaaaaaaaa ................ a .... •••••••••••••••••••••••••••••••• • - • i • ••  .aaaaaaai aaaaa aaaal aaaaaaaaaa laaai 

:*"*""**•••••!••••••••••••  Mala  ••••••aaaa  laSSa aaaaa  laSSaaaaaaaaalllalaa  II III  ••••••••••  ••••••••••  •••••••••••«•••*£••••••••  laallaalaa  S*3aSf  M#a  ataa! .. 

■ aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaaaaaaa  aa aa a aaaaa aaaaaaaaaa 
■ aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaa aaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaa iaiaa a • 

■ aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa  . i « • « 

■ aaaaaaaaaa iaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaaaaaaa aaaaa aaaaaaaa-aa»a< 
■ aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa iaaM a*S»a iaiaa ad 
| aaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa aaMa  aaaaaaaaaa  , • « aaaaa 

| aaaaiaaaia  Maaalaa a a aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  a aMl  ■ a aaaaa—*  * a aaaa  h 

1 taaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aa  aa  a a a a aa aaa-- laaai aaaaa  aaaaa aa 

■ aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa a#  .»»  ..... . a 

I aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa a -a  ■ a 

■ aaaaaaaaaa  aaM# aaaaa aaaaaaaaaa **********  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa  •••••••••••#•••••••• aaaaaaaaaa  aaa *a aaaaa aaaaa aSaa*  JJJJJ J**JJ  ' ■ * J 

I aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa  a aaaaaaa ••••••-  • laaaaaaai  aa  aa  »a  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa aaaaa Mi 

■ aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaa«  a laaaaaaa  aaaaa  aiaaaan  a aa.  - •• . aa  aaaaaaaaaa  aaaaa  aiaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaiaifca  |*4a*|>W«Hi 

■aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa Haaaaa.aa aaaaa aaaaa aaaaa aaaaa »•-•••••»• aaaaa a. -aa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa a-  aa laaaaaiaw a«l»alHll Hi 

■ aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aM«a<  aa  tafcj  jaaa  jtlpa 


» a ••• • • •••••aaaaa  aaaaaaaaaa -aaaaa' 
> l a a a a a iaaaaaaaaa  aaaaa  a aaaa  aaaaa • 

■ aaaaalaail  MMinBi 


m»«  inaaMtaa  aaaaaaaan  «ag»«MM?  ■ 

• •aa  aaaaaaaaaa  aaaaaaaaaa  afaiar-*la H 
— -aaaaaaaaaa aaaaaaaaaa  M»«li  ••  mm 


KBaauaMMMM'  a«aaai  laaaaaaiaaaa  ■■■•  •■•mum ••aaaa  aa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  ami 

aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaa-  .■  .>••••••••••••..  . a .»  a aa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa> 

M aaa aaaaa  igai»»i«t|w>ifMMM«  a .a  a.  laiamian  -a  aaaaaaaaaaaa  a .a  »•  aaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  i 

aaaaaaai  ..aa.a  aaa>  aaaa.  -aaaaaaaaaaaa  iiaaaai  aaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa 


£•:::&  ji 


SWB* 


::Hi5E 


iiSHr™ 


n •••••aaaaa •••••••••••••••••.••.•••••..•••••••••••>••■••••••-■•••••••••••••••••#••••••••. 

■ a aaaa  a aaaaa  a a •••••••  a .... 

|3ai3gaffliSa:sK:aa«iaga8:a:ia;ariag{an::^i:i:;a:::::aiiK.,::^»:i:::«:ii:KKa;8aiag:*£«8gtf  . v ii 




• • ••  > aa  a .a  . 

' a -aa  aa  • a • a a ■ aaaa  a a a aa  a aa  ••  a ••  a a a a 


1 

m\±w 

kiri 


....  M 


• .....  .1 

I ••••«»■ 

>■•••••*• 

iBSffis 

bbbbb 


MMtMMMiaaaaMiaMai.  _ 

■ aaaaaaa  aaaaaaaaaa  » ••••••••••••■ 

■ •••••aa  aaaaaaaaaa  aaaaa  aaaaa aaaa 


ia*  ••••■ 


iiiK..-.8asaB;aa8a8iBiii 


>••••••«  < > aa  .••••••••i 

laaaeaaa  . ■ aaaaa  ••••< 


aaa  aaaaa  •••#■•••••  MM  a .....  a < 


■aaa  aaaaaaaaaa  •••••  •••••  aaaaaaaaaa  aaaaaaaaaa  •••  a aaaa  a aaaaaaaaaa  aaaMMaaa  aaaaaaaaaa  WUIMB 1 
■aaa  aaaaa  aaaaa  aaaa  a •■•«••■•••  aaaaa  aaaaaaaaaaaa  aa  aaaaa  aatia  »aaa«  aiiii  Wiia  aaaaa  aaaai  mijiMW  i 
naMaaaaaaaaaaaaaaaMaaMMmuanaaMaMia^iaaawaaMaaaMMMataiaMi  aaaaaaaaaa  aaaaaaaaaa 


laa  aaaaaaaaaa  aaaaa  • ••■ 
.a a aaaaa  aaaaa  aaaaaaaaa 


IP 

liiiOii 


-•mi 


a»  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa a aaaa aaaaa aaaaa aaaaa aaa aaaaaaaaaaaa  -•••• aaaaaaaaaa  a aaaa aaaaa m aaaai 

.••••••a ••••• •••••••••• aaaaa •••••••••••••• • aaaaa aaa ••••••< •••••••••  . aaaaa  aaaaa  aaaaa  aaaaa  aaaaa aaaaaaa 

iaa  aaaaaaaaaa  taiaiaMM  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaia  ••■•••  ••  •»  iMiaaM«»aai»»laaaa>»aaMM»Hfc — __ 

>M aaaaaaaaaa aaaaaMaaa aaaaaaaaaa ••••■••••• •••••••••••••••• • ■ i • aaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaa* a< 


iaaaaaa  ai 

• ••aaa  •< 

BE 


>• aaaaaaaaaa aaaaaa  a#  .aaaa .....  .....  .....  .....  ....  ......  ... aa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aa 

>•  aaaaa  aaaaa  aaaaa  • • •••••••••aaaaaaaaaaaaaaaaaaaa  

:::::::::::::::::::: 


I~h:  s-sks 

las 

■ aaaaa  iwamito 

ImMw % 

I i::::  Hi:::;::;:: 

Ian  :::::aa:  anansssasn:  .:::::n:::n:n::::::::::::::::::n:::::n::::::::n::::::s::::::::::::::::::::::aas:a:asn 

■ naanannn:  j;;iaasa::::::::::::i::»n:::::n:K:::as:::nia:a::::aKs:::aasrawaaaBR 

I aaa aaaaaaa  aaaaa aaaa  a^ta* aiaaa aaaaa aaaaa aftija aaaaa  aaaaa taaa* Iaaaaaaaaa  aiaaa ••••• Iaaaaaaaaa  **rfl tl^t T?tMCTia^ 

n: :::::::::  1::^::::!. :::::::::: 


iniinii 


aaaaa  • aaaaaaaaa  aaaaa  aaaaa  aaaaa  Maaa  aMM 


imnt 


I ::::::: 

I:™:: 


::iih^is: 


f S8^9S8l 


•SCS 


■a  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ••■■•••••<••••••••••  aaaaaaaaaa  aaaaaaaaaa  ••••••••••••••••{•••  ••■••••  ••  • aaaaaaaaaa  ;r—  ■■  ■■■  — - 

iaaaaaaaaa  aaaaa  aMla  ••••••••••  a#«Si  aaaaa  aiaa*#aiaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  a aaaa  aaa  aaaaa  a a aaaaaaaaaa  if  ♦••••Mft>*##  »a**ff###a  W 


gSliglPlIilillHeHTO! 


: Will ::::: ::::: ::::: i 


mm 


» 5S»l»»SSSSSSSS!I#5jj»5SSISS5S!8«Ii!IS5«»I5S!!  •!!«■••!■•!!•••••••! USHJRK ISSaS  !nR %< 


•*•••■•••«  aaaaa  aaaittaaai  aaaaa  aa»«t  laiaaMMa  — . 

aaaaaaaaaa  atiMMMi  •aiaiuaaiaaaaiaaMlau 

«MMMiMMi«Mii»»aaattaiM>aaatM aaaaaaaaaa aaaaa kaaaa  aaaaa aaaaa aaail aaa 

immmmmmmm aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa  aaaaa  aaaaaaaaaa aa* 

«^7Z2S..^Saaaaaa,. ..^.,...«aaaaaa  aaaaaaaaaa  aaaa|«aaaa  aa^a  aaaaa  aSa^jSHS^ 


awns :::::::::: ::::::::::  innn; 


■ *"*•**  » — — -- — — — ........ .... ..... ..  — 

MMMf: 


an:::  n:n ::::::::: 


isnBIMKgaiBKUtesBi 


KMaaaaani  aaaaaaaaa  uaaaa^MMaaaaaataaaaaataaaaaa  aa  aaaaa  aaaaaaaaaa  aa  aaaaa  .aa  aaaaaaaaaa  Uua  a»  .aaaaaaaal 

asunsnnsnv*”.:  ::r.::n:n:n:n«:?.snl 

is::::::::::::::::::?, .nr.nsnntnr  incur.:: 

sy«nis:iKH!i5!  BidaiisaiK'ia&iSBasi'ss-ssinrart^aMBii&.rfrjraBnl 


{••••••a aaaaaaaaaa aaaaaaaaaa » .aaaaaaaa aaaaaaaaaa aa. .aaaaaa aaaaaa  aaa  Miau 

[aa aaaaa aaaaaaaaaa aaaaaaaaa.  .aaaaaaaaa aaaaaaaaaa aa .aaaaaaa aaaaaa  aa • .•aaaaa 

#•••••>  a aaaaaaaaaa  aaaaaaaaaa  a .aaaaaaaa  aiaaa  '.*aa  . aaaaaaa 

•aaaaaaa aaaaaaaaaa aaaaaa.'  aa aaaaaaaaaa aaaaaaaaaa  .aaaaaaaaa aaaa  - ■ 

■••••••*•  aaaaa  aaaaa  aaaaa  a .aa  aaaaa  aaaaa  aaaaaaaaa  aaaaaaaaaa  aSI  a.  , 


isS’iHSSisilS55  558j^:|nH:KiHssKK«;HKKs::!:::K:H«iaB|K8:a:!:asa!Sg-H:i!sisH::®:yJ5Si 
Si&tniKiinstHK:  SRuHH::in:n2n:n::::n:::::::::'.::::::::::::n:ni*.:nn:n:::tsn%*nm:nn:Slmm:ll 


[Mji  aaaaaaaaaa  aaaaa  ■ 


iS::::::: 


iaaa  aaaaa  MM'  .aaaa  aaaaaaaaaa  •»  .aaaaaaa  aiaaa •< 
aaaaaaaaaaa  .aaaaa aaaaaaaaaa » .aaaaaaaa  aaaaaaa 
ia.  aaaaaaaa  Aaaaaa  aaaaaaaaa.  .aaaaaaaaa  aaaaaaa 

iSUimsG 

■aaaa. aaaaaaa.  . aaaaaaaaa. aaaa4 aaaaa aaaaaaa 


iniiHi 


SilHi 


« 


!»:::»! 


::::::::::::::: 

> aaaaaaaaaa  aaaaaaaaaa aaaaaaa 


Is 


liHlllllsi 


*}!ii 


:::::::::: 


is::::::::::: 

:::::::: 


a •aaaaaSaSi:.: 




fSSms 

IKRUfflilffi! 


AT 


iii 


'•a  aaeSa  aa  aaa 

:i  i:::i 


M. 


::!!!! 


‘••aaaaa* 

mm 


:::::::::: 


MH 


r-'jX" 


iHliiiigiiBHai 

liilliiiiK 


Hiafl 


SHHHHBHHBaHBBHIRHH 

HPImfliSgfflSH*!}:?' 

1:1!^ 

iiiBiil  Hlf! 
ijiyUBinlliSi 


imaiiHiiauBBaiiisn 

IMBMMHHHSiiaa! 


wmnnammam 


laiiiysaBaBasi 


mmmm 


iaiii  tint  HI 


ummmmtll 

fSjnFpyinyjHuji 


HafflySilBBI 
iinl  HlHiP  SIS  IHn  iiMl  fill?  Hi 
iigilBBlli 


js:i:m:i:; 


sasa 

gnu 


IHBBHBBBBSi 

imuuangaumwflwiitfgimni 

IBBBBBHBB! 

IBBiSSilSliaSiS 


IBM  BBiiijnyaijlBiisBaiKiisSilhi-  FjllMprJE! 


. 


! ill  aiii  ilk:  m3  tiat  n»  £s  Hftt  Ss  H»  Eli; • .•?! 


•SBfliSilSS-  -iSBi 


:t:r^  ::;Rur.n:«uni 

■.--  *1 


[IBHHlBiHi 


L'iiirufilGHtHii! 

|R:u:::;::tia{j»; 


BBHyiiSBBBBgSBniSflBlifiBff'fi’IBBHB! 
»§  ■ - 1 S m £ "r  «BiffiiflBlSBBi»aillllH8IHI 


mmm 


yseiiii 


. t:»r.;t^mn|||U||||||i|M||flauHMM|MMH 


IMHHHStiil  BIBiiBilliEBBiiPliOaffiiiil 

IMS* 

nffliliBi  iiiiiii  m $ «s  n i , bbbi 


im 


!-is<mKstiig8B!%firttt«BS!aES»nffi!»i».s»sn!no^iianniRSii 

iilBBBBiiBBBBBBBBBBBBRMiSS! 

illllIBBBiIBBBPBBBiiPPuTsiSBWa! 

liiiiiiiiisiiiiSyBi  i-n,.,’.  mm  •*mnm\ 


!'SBii!HaifiOffl!®Blii|l*',!!«a8li!liiin,,?8ii«l!!^iiiii!iliiia 

»MainaaaaaaaaaBiiiBaaaBB!i 

BniyBi!ilPllili!SyiliiBi-'ili:!!iluiiiii!!'i!!'  MBSHgli  ii 


iaBiyiapinii!! 


, — — luii  lurimii  itnimu 

lifflilHHMiiyffiiiiii!!iSiiiii8l!!!!lw«lliii!i 


d - ikH 


iiiSiJilSBiliili! 


• ■•••••••«••••—•••••••*•••*•••»••••••  » • * • 22.*  .*•••••*•••  22a222— •••••••—••a **22*22 

•••••••»•  ••••••■•MHMHMM  IIMMU 

•••*•••••••**•••••••••  • ••••  ••••••••*•  ••••••••••  ■■■•'  ..  - - .###«...  fBMIflHM  MU 

3*35*.  ** 22222:2:2: 222222222:2222222222 222222222:  1 

...  ...  ■ ..  i‘.»;  .'! ***«!!!!»« St”* w! £S«* Bi«! ■ 

••••••••••  .a ii  ■•an  a ■•■■■■•■■•••XsaSia  . aa**  2aa—  »aa2aaaa—  ■aaaaaaaaaaauaaaaaiMaaaaaa!a3 

I — laaaaaaaaaaiaaaaa  aaaaaaaaaa  aaaaaiaaaa  a.aaaaaaaaaaaa.aaa.a  Ma— m«M«i 



• ••••  ...a  a ••  aa  • a a.,  a a a . . aaaaaaaaa  aaaaa  a*  .aaaaaaaaaa*  .aaaaaaaaaa  .aaaaaaaaaa  * aa  «*a. 

••••••••••••a*.  aaaaaaaaa aaaaaa  a a aaaaa aaaaa aaaaa * a. aaaaaaaaa.  aaaaaaaaa.  aaaaaaaaa.  . . 1 — 

aaaaaaaaaa  aaaaaaaaaa .aaaaaaaaa  aaaaa  aaaaa  aaaaa a. a. a aaaaaaaaaa aaaaaaaaaa  • •..••—••  aaaaa aaaaa a. aaaaaaaaaa. aaaaaa. .aaaaaaaaa .■■tita. .a  ai 

aaaaaaaaaa aaaaa aaaaa aaaaaaaa.a aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa.aaaaaaaaa aaaaa aaaaa a.*aa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaa# a< 

aaaasaiaaaaa  aaaaaaaaaa##- •«  » . aaaaaaaaa. . .aaaaaa  . -..aaaaaa  ...aaaaaa  . .....a. 

..::::::::2......: 

i....  ...aa  aaaaa  aaaaa  ai.aaa.aaa  .aaaaa. ..a  a......  ..  ••  ........  a aaaaaaaaa  «*.«  •aaaaaMUtaaaa.MaaanM  mMiMM  55 

-aaaaaaaaBaaBaaaaaaaaaaaaaaaaaaaBaaaa.  . ..  .a  aaaaa  aaaaaaaaa.aaaaa  ...  aa  HaaiMaMNMHM*  ..  • • a.  a 

■ -aaaaaa.  ..aaaaaa..  .aaaaaaaaa  •*••••••••  ....  .......... .a  ..aa. .....  . . .a..M.a  M..1MU. mImmm  -i  ..  ■ - 

laMaatatainiiur  •■••••  iSal  aaaaa  laaaa  aaaal  ”2aaa  I’*al  aaaaa  Iaaa»  ’ *222  -a  a!  aaaaa  *25*1  **222  «T  “aa  2 aaaa  aaaaa  aaaaa  —2—  22222  aSSaa  aaaaa  — aaaa) 

I •'  - * .aaaaaaaaaaaaaaaaa  . ...aaaaaaaaaa  . • .aaaaaa*  a » » aaaaaaaaaa aaaaaa# aaaaa  aaaaa  aaaaaaaaaa  aaaaaa. 

■■•••••  • -«  • •■••  •••••  •»»•#  aaai  . ..a  a ia.Maaa.aa>  m i-.aaa.aa  ••  •*..».'*  aa  a a aaaa  aaaaa  aaaaa  aa  aaa  aaaaa  a— aa  aaaaa  aaaaa  a. 

aMtMitM.a. aaaaaa  ...a.  ..a  aa  .aaaa  a.  -.aaaa  .aaaaaa..  aaa.  aaaa*  .aaaaaaa. .aaaa. aaaaa  .aaa  a aaa.  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  a<  

aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaa  aaaaa  a.  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  latfTT  aaaaa  aaaaa  aaaa!  aaaaa  aaaaa  M 

aaa*aaaa«a  aaaaaaaaa*  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa*  aaaaaaaaaa  aaaaaaaaa  a aaaaaaaaa.  aaaaaaaaaa  aaaaa  aaaa. , » - n . - - ft  iinntin  innr^tti  T ~ ~~~  " . "2  ~ — T — Tn  -Ttttiimii 

• aaaa  aaaaa  aaaaa. ..a.  ...... .a*.. ........ ......  aaaa  aaa. ............ ~ -- : — — " raarTTI 

'•••—•••—••»■  ». a-  ...»  a i aaaaa  iaa  ....  aaaaaaaaaa#  a •aaaaaaaaa  ».  ■aaaaaaaaa  a*  » -aaaaaa#  aaaaa  aaaa  -/ *a>  , TTmsrsssnssE 

— •••••—•a  ...  « - ' .aaaaa  aa.  ■ » ■»•••••• '■  - aaaaaaaaa*  • aa— aaa— ' - • . aaaaaa#  aaaa  a aaa.  - * M 

••• a .aa*. aaaaa aaaa a .aaaa a. .a. .aa.a.aaaa a. aaa a.aaa aaaaa aaaaa aaaaaaaaaaaa — 

• aaaaaa aaa aaaa aaaaa aaaaa aaaaa  «•••• aaaaa aaaaaaaaaa aaa aaaaaa# aaaaaaaaaa  — 

•aaa aaaaa aaaa* aaa a a aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aa 
• asaaaaaa  aaaaa aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aa 

I »aaaa»aa* aaaaaaaaaa aaaaaaaaaa aaaa###### aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa—. 

• •••a aaaa.  aaaaaaaaa#  a#####a#a#a#a#######  aaaaaaaaaa  ..  •■••■«••..•••..•••  •■•••#••••  .«■«..*.#.  aaaaa  — •#.  ••—#•##••  aaaaaaaaaa  aaaaaa«aaa  aaaMM—a 

::^Ks«52Ks:yj:Ks:s::ss?  ,•>.*.:?  . ..  . . . :r  . ...  . ::: 

>•••• aa#aa aaaaaaaaaa  aaaaaaaaa. ■.....«•■■ aaaaaaaaa. aaaaa. ..a#  aaaa. aaaaa  aaaaaaaaa. aaaaaaaaa .. aaaaaaa.  .aaaa  aaaa  aaaaaaaaaa  aaa. ... .aa .aaa  a aaaa. a* 

• aaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aia— aaaaa aaaaa  aaaaaaaaaa ■■■aaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaa .aaaa aaaaa aaaaa  aaaaaaaaaa aaaaaaaaaaaa 

—aaa aaaaa aaaaa aaaSa aaaaa aaa aaaaaaaaaaaa aaaaa >aaaa ••aaaaaa* *aaaa. aaaa. .aaaa aaaaa ia»a*aaaaa aaaaa aaaaa aaaaa aaaaaa. 

. a-  .->  ; . ...  - a.  a........ -a-,.;....  ..........  ......a. - a, 

j:ns:s 

►aaaaaaaaa  aj 

- . . , , . 1 aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa ..*•••••#. aaaaa aaaa a aaaaa a aaaa aaaaaaaaa* vaaa* aaaa a aaaaa a aaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa .. . ■ I _ 

iaa  'aaaaajaiataiaaaaa— aaaaa aaaaaaaaaa *aaaa aaaaa aaaaaaaaa#  aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa aaaaa aaaaa aaaa. aaaa* aaaaa  ai 
*••#•■  aaa  laMaaaaaa  aaaaaaaraaa  aaaaaaaaaa — — nn--i m — m ■ a aria  n aaaa  laiaa  mil  aaaaa  aa  aaa  a a { aa  ai 

• ••— r>  — ...i«MtaaaMa...M...«..a........».....  ........................................  ... T ■ mil HI—  “Tfim mil  nttlHI.I  tl 

•••  aaaawaaa  — a— aa— aaaaaaa.aaaaaaaa  aaa— aaaaa  .— aaa.ai  aaaaa  .aaaa  .aaaa  aaaaa  .aaaa  aaaaa  a.aaa  aaaaa  aaaa.  aaaaa  aaa  aaaaaaa  aaaBaaaaa  aaaaa  aaaaa  2—22  aaaaa  ac 

I i*a  a * - »aaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ••••#••#•#•••••#••••••##••••••  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaa#—  aaaaa— a—  aaaaaaaaaa  aaaaaaaaaa  a^aa 

.aaa  aaaa.  aaaa  ■■■— aa— • aaaaaaa— • aaaaa— a— aaaaaaaaaar— L 

222 —R*  22222222a  R5Rj?t52S*T5?2gr*!?ryfipT???222f‘ 

tL  HUsiiSSHn  :::HSi2n:5H:HiHs2Hi2s:r:usi::2H::22i::H:::2::rI:::r!:H:rl2H::.s22r.s:::2222:2H;:::niH:22^2^:^^2i 
‘“  ••"Sr:-?  :KK:«:a:KKa22K2!::2n2:K2:r:«:K222222::222:2222::::2::222::22r;:2S!?—-:::-; . #^-:r 

>■#•.  —.••  ■— 22— aaa  aaaaaaaaaa  aaaaaaaaaa  aa  — a a—2a  aaaaaaaaaa  aaaaaaaaaa  aaaa*  aa*-*  “■•  - .mim.  22222  aaa— 22222  aaaaaaaaai —aaaaaa— £ 

• • '.•■aiiiNiMai  a— aaaa#— a— aaaaa— aaaaaaaaaa  aaaaa  a— aaaaaaa.  aaaaaaaaa  a aaaa  aaa  lr, Ta~raf m — tTf  ~a  arr  Iran  11 

« 2Sk:srs.sks  :u:22«222a::sK222222222K::2222222::222::::::::::::'  :;.MMaca!iia:;:,»g::SH88HBggl8gSr>l 

-^#  #2828 28282  aaaaaaaaaa  aaaa# 2*22*  **2a# aaaaa  2222222222 2222222222  2X222  222a*  a*” 

“* — Taa— aa  aaaaa aaaaa  aaaaa  • - aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaa— aai 

•••a  jji-jaSSE  2222222222  jjSajaaaaaaaaaiaaaa  a— V "**ta  aaaaa  22222  aaaaaaaaaa  aaaaaaaaaa  .2222  aaaaa  aaa— 22— 2 22a— 2——  222 

S«MS2S:r  222222B55l5522252a2222—*t.i228222S222222222  — 2222222222222222222— —22222  R2R222— 222222— R 22— 2— £22  R£ 

.—a  aaaa  aaaaaaaaa-  — aaa  aaaaa  53  • •»—•#—••—• aaaa—  aaaaa  ••••..»«•••.....«■•.  ..««••#•••  •aaaaaaaaa  aaaaa— aaa—  a— aaa  iiaaiKa— — SaiiBii  aaa..  .....  .. 

. 22222 :::::22h  :2:2:2::y:u..::2y:22!22K22K2n:2^::2:2::::2::::::::::::2:::::::::::::2222::^::2:2:::2:::sy222UM:ns::^Kn:2SKu::;£ 

..  ••  '•••••— —#4aB  — aaaa—  a— *»•»»*•#**##♦*»#■  aaaaa. aa  — aaaaaaaaaa  aaa— aaaaa  aaaaaaaaaa— — Bl— 8a  — ag— —B—ala— aa a— a—  i— — » 

a::: a::::a  :::^:::::::2::::^:::K;:K22!s::::^2:2::2::2::::::::::::::::::::::::::::::::::::::::u:::::K:2:K2t:sK:^2S2n:i2ssa^2£ 

ffiaB!KffliKr.^ssa::iS:BSKSsK::KssK!s:!:K:::sa:  ':^:sa:a:::»aa:8»n9SansESBH 

>.—•••— #••••  - a—  •«•••••••■  »••».•■•.  aaaaaa  aa  — aaaaaaaaaa  aaaaaaaaaa  —aaaaaaa#  —aaaa——  aaai»«aaaaaaawaaaa>  aaaaaBM.  . a—— 

■ —••••—•■  ;aaia#a#*a— — aaaiaaiaf  iaiaa  aj— — aaaaa—  aaa  ai—  aaaaa  aaaaa  aaa  aaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaiaa— aaa  aiiaj— a—  aaaaaa——  iBi4aja|aaai 

' V'  IBS  ■ 

■ a^aaaa^ga^a— —aaaaa aaaaaaaaaa aaaa.a— aa —#—>■—  aaaa— aaa— aaa—  aaaaaaa. aa ••##•####•— a— a—  —aaaaaa—  ai 

!#•••••  .aa  aaaaa— aa>  •—•#—•—  aaa—  aaaaa  aaaaaaaaaa  —aaaaaaa*  aaa  ••«•••!  ••••«•#•••  •>•*..••■•  t— aaaaaa.  aa.aaa.aaa  aaaaa  aaa—  •••——•—•< 

■ •#•••  I *1—  aaaaaaaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa —aaaaaaa.  aaaaa  aaa— aaaaa  aaa— —ar**~~*  *■ 

I2222:  iSrr*5*: 

'“•fJSfjg;*'  22S22  #!•!••#— a •2a##aa52a  •••••  a aaaaaa2aa  2222a  ••••••••:•  2222a  ••••••••  at  aaaa  • a aaaaaaaaa  a222a  aaaaaaaaaa  #2222  £ 

It— ••  •aaiHiiiaaa  .aa— MM. •••••—•••  a. •••■••. a.a a*. a. •••••  ••#•••#••*•«•#**•«*•*••••**••#•*•**•*.».*•*•»#•#—*> 

a——  .••.••■•.■••  a— aa— —a  —aaa— aaaa— aa— aaa  aaaa*  a— aa  aaaaa  #aaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa —aa*  aaaaa —aaXaaaa  aa— a a— a- 

a— aa  - ••#••*•••—•■  »«a#aaa^a— a— af—aOaa  aaaaa  aaaa*  aaa.  • ..............................  .aaaaaaaaa  aaaaaaaaa 

s»!  52ai«:«:  :::::::::: i . *.  2:::::::2:::::*:::::5k:*.k:! 

l****i^S*SS?*''  222 22 22222 222 22 22223 222— £SS22  S2X$SSSXS2  222 ••  •••••  22222 2*22*  •• 

irSwsP^vT  :2222:a«:!2M2:2222:::2:»22::222::::::2:::::::2::::::^:::::;;;>_;_;;„._;..„  ..... 

••  *#*••»••*}  «••••  aaaa*  **22*  2a*2l*222a*22a*  *222222.22  22a?'.  #2222  Hffl 
i.  ••.....■■••■•••••••aaaa'  *>•■•—•—•••( 

f_  , - wiaaaaaaa aaaaa— a— aaaa.aaaaa.a .aa.a.aaaa a— aaaa.aa .aaaaaaaWaaal 

I:::::.  ^2222:222222  ::::22:^;::n22:::!2:uJiss22:s2s:2;n2222:2:222:::22;::::22::::2:::::::::::::::::^::::*.  *::22:n2K22£ 
laOi  gfi|5g:28^§i«:25|5a:::2i;2n::2:g::::;s:22::;2;:;:::::2::;::22:2s;:22;:yv:g*.2ti,;::«n^8SBwn 

:»h  ^2:^::;;:::u:::2::5::::::::::2::::2::::::::22::::2::::::::::::::2::::;22:222;  ,;::::;:::::2:n:2:::;::::2:::::n^.*;n::::; 

•IHf  ••••555f2;4*,*#*“5; •••••••HiaaiaaaaaaaMMaaM*aaaaaaoMMa.MM.a..aa.M#„M.  .aaaaaa  aaaaa ■••••  aaa— aaa— ••••••••••  aiaaa aaa. 

iaa*#'  •#•—•#•—  #•—•«•••#  aaaaaaaaaa  *•••#••— a aaaaaaaaaa  ••••*••••#  aaaaaaaaaa  a.aaa  aaa  a*  aaaaaaaaa —••••••••#•••••••*•  •—••—•  aaaaa— aa 

*2222  »—  2#— * aaaa  .aaaaaaaaa 22*  * 2 « 222 22222 22222 222 22 22222 22222 22 222 2 2 222 2 2 2 22 2 2 222 2 22 2 * .2222222222222222222222222— 222# 2221.— 3 aaaaaaaaaa 29 
aaa—  aaa— a— — aa  .aaaaaaaaa**  .*.a#MMtM»MM*..it..M#.inMM.#M......i..  «#•  ......  a.a. ..aa.. aa.a.aaaaaaaa. a aaaaa  aaaaa  aaaaaaa— aaaaa  aaM 

Jnttnsssi  5525222::  :::::::::::::  ..22::::::::::::::::::::2::::::::2:n:::::-::2:::::22:::K::! 

aaatf  afl  aaa—  M»a  ••aaa  aaaaa  aaaaaa-  •••#•••••——#••••••••••■•••••••.>•••■.*•..•  ........  . a.aa  *aaaa«  aaaaaaaaa  aaaa*  aaaaa  aaa— aaaaa  Baa—  aaa—  aaaaa  afi 

i— #»  ■.  •••  MlffMaa  aaBii  hiM  aaaaaaa.  -.——••••—•••••#••••••••••*•••••••••■  ...a. aaaaa  .aaaaaaaaaaaaaaaaaaaaaaaiaa— aaiata—aa.  aai  aaa  a aa  a—  aaaffl 

:5:  ajwSa:  :::fifi5:::5:2:  *5  ’s:::::::::::::::::::!:::::?*'  :2::::::::::::2::::2::^2::2:222:2::::2::n:::::2::2:::::22t:222Ri2J 

3:2:222:22  :R::::;:2s::222::..R5a..**R:R:v*:::2::::****:..;:::::::2::::::::::::2:::::::2R:2:::::R::::::::::::R2R22n:R22Jsr 

^ aa— a—  aa  aaaaaaaaaa  . #•••••—••••••••••■  •....a...i>.......U  a. 

|:5R«2t:5!2|51!::!i2:::52::n:5i::H.sRR:::5:HHi5H::25::R2:::::::::2::::::::::::?:::::::::::|2|2::::::::2::i::::::i 

M 


warn 


;:snKu:c:::: 

>••■  •••2a  ••••<••  ••••(••< 


:ts2Sns3] 


MHHB! 


'Mmmaum 


s:::::::::: 


■ •••••••••• •*—***•**  **********  **—****■•*****■•********■•■■••**••■■***•■■*****«**  » »•».  ..  

■ -aaa  • •■■•aaaaaaaaiaaaaaaiiiaaaaaaaiaaauaaaailil 


— 35535I—  *###%****»  ********** »»' 

a a 

kaaaaaaaa  aaaaaaaaar “““*“**“-* 

••(■•(•a  aaaaaMaai 


aaa  aaaa 

• -•**•  . aaaa*I**aaaaa* 'aatitl 

•m  -fXTaa-^s-  ■■■»■— aaa  — — ..jaiaiaaa  aaaaaaaaia  aaaaiaaaaa  aaaaaaaaaa 

iMiM'MHMl  HMfiaiaa  aaaaaaaaaa  a aaaaaaaaaa  aaaa  a aaaa* aaaaa  aaaaaaaaaa  aaaaa  aaaal  aaaaaaaa  — 

laaa aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa aaaaiaaaaa aaaaaaaaaa aaaaa aaaa* aaaaa aaaa* aaa aaaa aaj  aaaaa aaaa j aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa 

• 31—53#  " all— S3— I*  . 'aaa* aaaaaaaaaa ii 


*a  »•  aaaaa  — 

a aaaaaaaaaa  • * >•  • aaa  aaaaaaaaaa  a 


• * ■ <••#•••••  ■ • ••  jiaaaMi  " .fsaaaaa*  • .■  i*a aaaaa ■■»«» aaaaa  . . — fi 

• •aaaaa  aaaaa  aaaaa  a.a  a.  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaiaa  aaaaa  aaaaa  >aauaiM|«MMalMi  a— fc*  aMW  aaaaa 

laaaaaaaaaaaaaaaaa""  «*""?***?**  ***Ta  aaaaa  aaaaaaa"aa  aaaa*  ******  *•”"*"**  *"*"*"" 


laaaaai aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaa aa 

• Tim:*  z:mt 


laaaaaaaa* aaaaaaaaaa aaaaaaaaaa aaaaa aaaa* aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaaa  aaaaa aSi 

aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa aaaaa aaaai aaaaaaaaaa aaaaaaaaaa  aaaaa aal . 

laaea  aaaaa  aaaaa  aaaia  aaaa#  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aiii 
— — --  * 1 ib  aaaaaaaaaa  Saaaa  aaaaa  aaaaa  — S 


saut!  . 
niiiiinmmiimiim:::::::::: 

ia  aaaaaaaaaa  aaaaa  aaaaa  aaaa  aaaaaaai 


ia  aaaaaaaaaa  aaaaati 
ia— a— aaa*a  aaaaati 


i*  •**•<•  aaaaaaai 


aaaaa aaaaa aaaaa aaaaai 


' ** aaaaaaaaaa aaaaaaaaaa aaaai 
** aaaaaaaaaa aaaaaaaaaa  aaaai 


aaaaa  aaaai  a aaa  a aaaai 

laaa  aaaaiaaaaa  aaaaa -“-r- 
■ aaa  aaaaaaaaaa  aaaaai 


Baa  aaaaa  aaaaa  aaaa  aaaaa  a aaaaa  aaaai  aa  i 
alia##*  a**#*  a*#** aaaa#  *****  *****  *#l 
i aaa aa aaaaaaaaaa laaiaaaaaaaiaaaaaaiaaai 


aaaaaaaa  aai 


■ aaa  aaaaaaaaaa  aaaaaaaaaa  i 
laia iaaaa aaaaa aaaaa aaiaa I 


fill 

.jjm! 

1 1 mil 

i turn 


iaaaa aaaai iaaaa aaaaa aaaaa aaaaa aaaaa a aaaa aaaa* aaaaa aaaaa aaa* a aaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aaaaai 

iimmxiimmimiimimiimmmmmmmimmimmmmmimiimimimas 


ka.  aaaa. aaaaa aaa.a a a. a. aaa....... aa.... a... ..........  .............................. ....a..... 

• •aa  aaa  a*  aaa.a  aaa..**.  a.  aaa. a. a*. ..a.  a.  .aaaa  a.  aaa  aaaa*  aaaaa  aaaa*  aaa  a*  aaaaa  aaa.a  a.a  a a ilaai  a...  a .. 
(a* aaa aaa* aaa aaa aaaaa* a aaaaa aaaaa aaaaa aaa a*  aa aa* aaaa*  aa aaa aaaa*  aaaaaaaaaa  aaaaaaaaaa aaaai aaaaa  ai 
aaaaaaaaaa  aaaaa aaaa* a a aaa aaaa* aaaaaaaaaa aaaaaaaaaa aaaa* aaaaa  aaaaa aaaaa *aaa« aaaaa aaaaaaaa*# ai 

Hr. ::::: :::::  ntStHt:  ::::::::::  s:::nr.: 

miimiiimimimiimi.-imimiiiiiiiimimmmimiimiiimiimimmmimiiims 

• • aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  ai 




•aaa aaaa! aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaSa aaaaa aaaaaaaaaa  aaaaaaaaaa aaaaa  aaaaa ai 
►♦••••aaa iaaaa aaaa. aaaa. aaaaaaaa. aaaai*  aaaaa aaaaa aaaaa aaaaa aaaa .aaaaaaaaaa aaaaa aaaaaaaaaa —aaaa*— aai 


'•aaaaa.  rtmiian  aaaaaaaaaa  aaaaa  aaaa*  aaaaaaaaaa  aaaaaaaaaa  aaaaa 

liaaiaaa  aaaa  * aaaaa aaaa*  iaaaa  aaaaa  aaaaa  aaaai 

_ >aaiaaaa ***** aaaaa aaaa* aaaaa aaaaaaaaaa aaaaaaaaaa aaaaa iaaaa aaiai 
kaaaa  aaa###*###  aaaaaaaaaa  a#*#*#**## aaaaaaaaaa aaaa* aaaaa aaaaaaaaii aaaai 
iaaaa  aaaaa  aaaa*  aaaaaMaai  aaaaaaaaaa  niuiuu  - 
■aaaa  aaaaaaaa**  aaaaaaaaaa  aaaaaaaaaa  *• 

■iai*  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaa*  ai 


3:2:222:2:  tSHn 


■aaaaaaaa  aaaaa aaaaa aaaaa aiaaa aaaaaaaaaa aaaaaaaaaa aaaaa *«M 




4 aaaaaaaaaa aaaaa  aiaaa aaaaaaaaaa  aaaaa  at 

'* aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ai 

•a  aaaaaaaaaa  t*ia«a«aaa  aaaaaaaaaa  aaaaaaaaaa  al  _ _ 

'! aaaaaaaaaa aaaaaaaaaa  aaaaaaaaaa  aaaa* aaaai aaaaa aaaa* IIIII 11*3* aiaaa IS aai 
iiiigiiiiiii”M,i******,**>***"*‘  * "**'**■"  a*  aaaaaaa*  - a aaaa*ai-'i 

»UIa'I******?**i  ' " • - * aaa* -aaaaa  aaaii  a aa  *#—**• 

i*  aaaa  a aaaaaaaaaa  aa  . aa  a####  — .—  aaaaaaaaaa  aaaa*  aaaaa  al*MM 

SET* hr  inns:::  :::y  r-r  rr::::::  isrsrsrsrr:! 

laaaaai aaaai HI II aaaaa  aaaaa —a  — Is 232 aiaaa alia! aaaa! S 

aaaaa*  aaaa*  aaaa*  aaaa* *****  aaaaaaaaaa  aaaaa  aaaaa  a. a a* a, 

isiass  mmmt  :h:::h:x  :::::::::: ::::::: 

s msmR  mmmi  rr:  :::::  mini::: :m:n 


E 

52125233 


T&nn:;::  22233  3333*  333333:3::  : :::r::::i  snSKSSSI 

iiirsmn::::::::::! :::::::::: 


Isl  IHliiii 


iaaaa aaaaaaaaaa  aa—sa— a*  aaaaaaaaaa  aaa* a a* aaa aaaaa aaaa* 
gaia aaaaaaaaaa aii—ii— a —•———*  aaaaa aaaa* aaaa* aaaai 


>••• aiaa* aaaaiaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaai a a*  **i 
■aaa  aaaa*  aaaaa  #*3**  aaaaa  aaa  a.  aaaa  a aaa  a*  aaaaaaaaaa  ***.-■  ■ 


ra:s  ::k:  ::::::::::  :m::: 

a#  aai — aa#  *a  aaaai  iaaaa  aaaaa  i< 
• •..a....  . a. aaaa.  -a —aaaii 


lltKRBj 

ISSI 


ia**  Maai  aaaaa  awai  mhi  i 
■aaa  aaaaaaaaaa  aaaa  **•- 
laaa  aaaaaaaaaa  aaa*  • 


aaaa  • j.jJJJJ,,*; 


-aaaaaaa.  .aaa*.  .aaaa  aaaaaaaaaa  aaaaaaaaaa  ai 
a*  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa ai 

:::  sHf?-!?!?  ??•? 


W 


aaaa-  mb  aaaaa— aaa  aaaaaaaaaa  aaaaaaaa—  aaaa*  aaa—  aaaa  a a— aaa  aa—  a—  a aaaa  aaa— a a—  aaaaa—  a—  — aaa  a*  aa  aaaai 

iiiUaMa  aaa— aaaaa aiaaa aaaaa aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaiaa aaaa*  aaaaaa*— a aa*a*#a— aiiaiaM 
aaaaa  aaaa  aa—  a a—  .a  ai  aaaaaaaa  —aaaaaaa#  aaa*  a aaaaa  aaaaaaaa#*  aaaaa*  — aa  a*—#  aaaaa  aaaaaaai—  aaaaaaaaaa  — aaaii 

nmm:  mmimisiiimmmiimiimiiiiimmiiiiiiiiiiiiiiiimiiiimimirmimiiiiRiiR::: 
mtimmjm.mimm.mmiimmmmmijmimmmimmmmmmmrRRrsH::: 

aaaaa  aaiaa  laaaaalaaaaaaa.  .as.  - a*  *****  la.  a a aaaaaaa*.  HI.  a.  Hill  I Illy  Hall  II— I IIIII*—  II  aa  — aaaaa!  —HI  w 

• aaaaaaaa*— aaaaaaaaaa— a iaaaa  a.  - aaaa*  a*******************  aaaa  a aaaai  aaaaaaaa—  aaaaaa— a#  —aa*  ai  *jl  — i*>  ai 
aaa— aaaa#  aaaaaaaaaa—  a— aaaaa—  . aaaaaaaaaa  aaaa..  aaa*  aaaai  aaaai  — iaa  aaaaa  aaaaaaaf**** iUHSKiS— a ii 

********************  —aaaaaaa*  aaaaa*  -aaaaaaaaaa#  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaa—  aaa— aai—  aaa—  Ii aai  — — a< 

ns  •■mimimiiimimiiimmiimijimiiHnrimmsmxis 

mi  I::::!:::: H:::;  

si-  a iMsSiiSi;  ::::::: a! a::: 

na— *a  — - lliial aaaaaa— a aaaaaaaaaa aaaa* aaaa*  aaaaaaaaaa  aaaaaaaaaa  aaaaaaa aaa aaaaa aaa aaaa aaaaaaaa aaaa.  < aaaaa  *****  —aaaai 

a aa  — aaaaa*  aaaa  a—  

•a  si.  :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

!J  ^^pllsiiiliilmiiiilliaiyiiiliiyiHyiiiiiiliiiiiijliHiiiliiiHiliyiliiiriiisIliiyssilllilaiili^ifea^ilPiSl 

sHaHlililsnrHHiiiiisilissiisssHisssisssssiissssssiiisssIss:;..:...: 


mi 


•••••■•••••a 


:::::::::::::::::: 


iiiiiiiiiiii 


■ • 


mn 


Silvir 

:::::  st..L 


iaaaaa..aaaaa.l 


• .1 


imSmi 

’jHjipHniHHiS 

. aaaaaaaaaa  aaaa.  ■* 


m 


m 


■•••••■■•••■■■•••I 


■■••■••■•■■I 




* aa aa a . . a . » . . « » > 
la  aaaaaaaaaa  aaaaaaaiaa 
!•  22222  aaaaa 22222 22222  2i 
:::::::::::::::::::::: 


mmwmmMWMmmmm  i 

. .....a.... .. — - — - — ------  — . 





........ ............. ...a. ....... 

a. ...  a aaa.aa 


22222222a. 2222! 


SKM!  

:s::: 

i 

! ::::::::: 


••••••••••aai 


iaa«aaaa.aaaa«aaaa*i 


• •••••a  aaaaaaaaaa  aaaSai 


:::::  222:2: 


•••■••aaaaaaaaaaaai 


llllill 


M 


::::: 


aaaaaaaaaa.  - ■■ 

■iaaiaaaiai'v 
aaaaaaaaaaa. ..aai 
»a aaaaa aaaaa aaaai 


.aaaaaaaaaa: 


itMMtlatiai 


m 


fiiiimiinniiilliflf1 

ia  aaaaa  aaaaaaaaaa  aaaaa  a 

' u 



■a aaaaa aaaaa aaaaaaaaaa a 

::::::: 


ii 


3 


• aaaaaaaaaaai 


Hi::; 


•a  iiaaaiaaiaaai 

ia  aaaaaaaaaa  aai 

• a 

• a aaaaaaaaaa  aai 
•2  a a a a . a a a a • a a i 


•••»!•• 


aaaaa  .. 

■ ■ ■ 


• a aaaaaaaaaa  ai 


m 





::::::::::::::: 

aaaaaaaaaa  Man 


•aaaaaaa: 

• •••a  222! 


• ••aaaaa  aaaaa aa 

• aaaaaaa  a a aaaaa 


iiH-HiiiiSis 


BHSSSP 
IKffliil 


isiks] 


. 


::::: 


ieyi 


* a a aa  a a a •«  aaaaa  ii 

1222222222  2^H 

:::::::::: 

I:::::::::: 


iHHHHHHUI 


aaaaa aaaaaaaaaa aaa. 

miiijgmSHs  ■■■■■  I ■ ■■■■ 

. , --JaSSSSSSaSatSSaa {•••••••••••••••••••••••••••••••!•••••••*••••*•!•! ai 

• •aaaaaaa 22222222222 2222222222  2222222222  2222222222  2222222222  2222222222 a! 


piiHiiiiliilliii 

■■iliilli! 


_ pjSMpppnsiH  n|yi«nHpmm8iS8 

illM  iliiiiiiii 

aaaaaaaaaa  aaaaaaa  •*••••••••  >••••••■>•  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaa  aaaaa  •aiaa...«VAAaa.aa<  aaaaa  a. 

Iftf'aniaaiaMaa-  aaaaaaaaaa  •#  ••• aaaaa ••••••••#•  aaaaa  aaaaa  aaaaaaaaaa  •••••! •••••••»••• ••..*••.••..•  aaaa#aaaat  aaaaa igafa 

Hit*  I •ia.aiaaa  ■•••••••••  aaaaa  aaaai  aaaaaaaaaa  aaaaa  •••••  aaaaa  aaaaa  ••  ••••••••  >••••••.••••••••••••  aaaaa  aaaai  at*iilaaaaaaaaiai#Waa*jlaiia»  iMliH 


JM 


:L!E 


•HHiHiilii 


miiiw 


ii:-:? 


::::::::: 


itiiimstr 


luk: . 

• ••*¥»*••  a aaaai 

.... ...a. ..... 

• aaaa  2222!  aaaaa  aaaaa  ! 

*5:: ::::::::::: 

• •••a  aaaaa  aaaaa  aaaaa • 

!?!!!!!?! ' 


iiiiiiii 


Hiiiij 


IHiHilfl 


iiaiSS 


iiiHiiiiiiiiiiiiiilli 


ml 


Kt&ts; 


::::::::::: 


imssHuttHs  htsssr:::  S&SHt a ssi:5  rt  :ss: 


::::::::: 


man 


i^lPiKlidBinsasiiiHssiiiHiyaiHS! 

iisia  «:«: 


iMliHiiiHi 


r;U«:!::-~"“S?"HS|HSnH::?:*:Hi.:;ttr:!“!“aHSSB 


jmSsKw;K^:,w.Trtsrr|;r“-s»rp',fli5r“W!inii«i 


il: 


I *••••••••• ••••■ >•»••■••■ ••••••«•«■ mmmmm  mmmmm fTl I ■ ■! 

U!I”  m«m  <••••  •••II  !•*!*•{ 


m 


RliSniHnM!SISI???f!.!iS????f*?ill'?''‘‘‘f'****''**'*'*****************^****'**»f**‘ 
H:ns:s2sss:ss:!s:::::::2:::s::::::::::::::::::“:;:::s!::::::s:st!s5!:!ss5!ssss:sss5sa 

KHiaiHI  >1 


SiBtitSttsss&ssKtt.  

iNMHMIMMM'UIMIIIIIMMilHIMi  •••••••«.  

fS5St!S5MSf9fii55Sfi899*9f  *999  **********  •••*••••••  *****m*»«»I*«**mm 


idiiMiiisii&l 


liKlIilUHIHK 


S**tr  ft::::: 


• ••••• 

•••»•»•• •••••■•*••>• ••••• 


■HBnttM 


NFi- 


»>**?*? **'  **********  **********  *•  ••••■•• •Ui«Mlta»**Ml*llM**<S*| 

1 *■*•**•*•••••■•**•**•■■■■*••••■•■••*•■■••■■•••■■•••■•■• |>a. . - . .m, 

•****j**?»***‘»*»***  *****  «»■■««■«>  ••••■»■ 

•*•••••  M***MM*  mmmmmmmmrnm  mmmmm  mmmmm  mmmmm mmmmm 


>*K;**  *^**  ••••••■•**•*•••••*•*••■••  •••■•••■**  ••••■■•••«••••••■••  n****  ■•••••••••*■•»•  i 

(******♦**••*#*1^  »*»**»»**»*»****»*  ************  •••••••••I  •••••••••i  MMMHM 

*******  ‘**»*»f*M  ••■•■■**••■•■•••••■• 

*******  nsssss?*  *******  ********"*  ********* ***********  *.*■**—** 


3STjH3I: 


******** •••••••••■•*•••••••• ■*•••••« 

>•  ••••••••••  *••*•■••••  ••••*•••••  •*•*••**] 


Hi:  nilitini  irhitUH 


it 


SgW^gigii 


::::: 


*••••••••*• *•*•! 

r.lzzuzi:::::, 


:EHf! 


iilllii 


gilii 


»«« 


K ********  *•■**■■>. 


**•  ******  *********  ■■*■«■■■»«  M»M«**«nmi».ni  mmmmm mi 

W IBB 


IlfiMli 


- 

...  -r 



::xaa:s«K!K::aa2a:KMii!^^W8IBBHi 


m 


is  mm 


iniri 


iiii&iins 


I mm  mm •••*•■•■«• 


liiiinai 


I*«4  #••*••< 





mi  mh  Amm 


PV!’n;!lii!Hglfiii!!iu§iill§fl!l!ii!i;r 

— — - — aaaaaaaaaa aaaaaaaaaaaaai 

iMSiltllMIStflMItfllMI 


ill 


is 


ii 

mm 


ft  ••  .... 

>• 


:uti 

«wwiil 


istlllillj! 

IHIPN#*! 


t»«k  Mk»» 

'••••••••  aaaaaaaaaa  MMiai, 

7#aa aaaaaaaaaaaaaaaaaaaaaBaa I 

— 

-.aaaaaaaaaa.  

Iaaaa  a •■•■•••••• •••■•••••••••••) 

laBBBaaa aaaaaaaaaa aaaaaaaaaa aaa aaaa I 
aaaaa  .••••iUMlMllir-”1---*—1' 


■»••••••••  faaaaaaaaaaaaaaaaaaaaaaaaaaaaa  aaafaaaaaaaaaaaaaf 

••■••■•■••••••■•••••••••■■•■•■■I 

• ■••(•••••••«*••■••••  ■ 

• iaiiaaa 

aaa aaaa a aaaaa aaaa a aaaaa aaaaaaa. 


• ■•••  aaa. 


>aa aaa aaaaa aaaBtbaaaikaaaa aaaaa! 



-- — ... aaaaaaa aaaai... 

•■•■•■•••■•••••••••••••I 

... — ii, aaaaa aaaaa aaaaaaaaaa aaaaaaaaaa < 


H!HH 

is«r 

iShi 

. iisi.. 

lIMtilHHlitfillillMiMIUIMMMMtMIlMtmiMM 

••••••■■•  •Itattlkklkllkl 

aaaaaaaaaaaaaaa#  a aaiaa  a aaaaaaaaaa aaa  <MiMiiiaiHMiiiali«fMiiir-:- 

‘ '•aaaaaaaiaaaaaa.aaiiaiaaaaaaiiMiaMiii  Baa.  - 

“ ‘••••■•••••■■•■•••••a aaaaaa***'  • ***************** ••■••••••a  a a me  - — - 

Maaaaaaaiaaaaaiaaaaaaaaaaaaai  aaaaaaaaaaaaaaaaaaaaaaaaaataaaaaaaai 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa>'>aaaaaaaaaaaaaaaa»a 

aaa  - iiaaaiaaal||aataaa 

aaaaaaaaaaaaaaaaaaaaaaiaaaaaaaaaaaaaaaaaa  aaa  • • • aa a aaaaa a aaaa 

aaaa aa aaa a aaa a aaaaa aaaa. aa aa a aaaaa aaalaaaaai aaaaa aa  . laaiaialaaaaa 




maaan  #«***«*«< 
la  aaaaaa* aaaaaag) 

laaSaaaataaaaSaaSSaiaai  

naaaataaaaaaaaaaaaaaaiaaaaiaai 



ii* i aaa a aaaaa aaaai aa* a a **«**•■ 


aaaaia I 


- *******  aaaaa  aaaaa  aa  aaa  aaaaa  aaaaa  aaaaaaaaaa  aaaiaaaaaa  aaaaia' 

• •ftilff ••••I#1 ••*••••• • aaaa aaaaa aaaa* aaiaa a aaaa aaaiaaaaaa a a aaa aaaaa a aaaa aaa ar ,r 

• iaMi  a ********* ailii aaaaa iaaaa aaaaaaaaaa aaaa a aaaaa aaaaa aaaa* a aaaa aaaaa « aaa 

• aaaaaaaaaa  *•*•* aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaa  a aaaaa  aaaaaaaaaaaaaaa  aaaaa  aaaa  i 

: aaa aaaa aaaa a aaaaaaaaaa  aaaaaaaaaa a aaaa aaaa a aaaa a aaaaa a aaaaaa aaa aaaaaaaaaa aaaaa aai 

}• •••aBaa}* aaaaa aaaaaaaaaaaaaaa aaaaa aaaaaaaaaaaaeaaaaeaaaa ■ aaa  aaaaa  aaaaa  aaaaa am 

* c-**a*aaa*a**aaf*a*a. 

aaiaa aaaaa aaaliiaai 


aaaaiaaaaaaaiaaaaaalat  . _ 
ji*i*i**«* ******* iiaf aft ******  ******* 
iftii*** *••*«**•*• aaaaaifii* ****** *»*»*. 

laaaaaaa aaaaaaaaaa  aaaaaaaaaa aaaaaaaaat a1 

•*•**•••*• *****a**a* ••••*■*•**•****••••* a* a******* a* *. 


:s:r 

*'  - aaaaaaaaaaal 

aaaataala i • .'aaaaa**] 

* K:K3Hl 


aaa aaa a a aaa a a aaaaa  aaaa < 


aaa aaaa aaaaa aaaaa l 


ill 


« 


IP! 

iiliiiiiii 


::: 

me: : 

^■aaai 

III! 


a aaaaaa aaa aaaaa aai.... 
- ******* a aaa aa Iaaaa aaaai 

^aaSaiSaaa  riaia 

'••fMjfaa  aaaaaa  aaaa  iaaaaaaaaaaaaiaai_ 
naiia a aaaaa aaaaa iaaaai aaia aaaaa iaaaa 
.aaaaaaaaaaaaaaa  aiaaatatalaaaaaaaaai 


Jaiaikaiiai 

mHyh 

aaaaaaaaaai 

IliHllllliiiiiiiiiiiii 

ifiifH 


illiil 
il 


HUH 

mm 


• aiaaaaaaaM 


ii 


m 

ii 

m 


H! 

Hi 


■l  ii  i 

Hi  iii 

!<!]■ 

II!  ! 


l(iliiiyilliiii 

iier 


>Iaa  aaaiaaaaaa  aaaaaaa* 

u 

aaaaaaaaaiaanaar‘“ 

""HiHsi 


aaaaaaa aaaaa aai 

i!  piiiiip 


fiiiiiillHiiilBili  i 



iaaaa  aaaaaaa  aaaaa  aai 
ilaaaaXaaaa*  aaaaaaa! 


laaaaaaaaaaaaiaaaal 


Hil 


iiiil 


mm 


Hi  iii  Iiil! 
liili!  ! ir 


! 


mrm 

BLIP 


alBHHffi  _» 

timammsim  -iS 


iiliiiiiii 


Iiil 

ys  i 


i 


:: 


mm 


ii 

ii 


1-  I! 

-aa..ai 


l&Hiiil 
plii-i !! 

SIS  iiil 


IIP! 


iii  iii  mm 
I liHililliliP 

■HShriill 


:::::::::::::::::: 

laaaaaaa  aaaaaaaaaa  aaaaaM* 

laa aaaaa aaaaaaaaaa aaaaaaaa 

laaa  aaaaa aaaa a aaaaa aaaaa ailaaar* 

:::::::::::::  :::::::::::::::: 


isiitSi 


- a aa  aaaaaa 



aaaaaaaaaa 


aatM«**iaat*>*'»i 

snii^r 


m\ 

BH 


aaaaaaaaaaaaaaa  aaaaa  a 

iHIiiiili! 


mam 


Hi" 


Hlii| 
HkanmiH 
r'lPi 

Mwmm 

iii! iii: 

liili  iilirPiill 

MJO* 


EnfliB 

PpniG 


:: 

11  II 


LHiHg.fcrfi«iilBkyii&iiii{i^^l<llliifllllliliiHiiiflili!!!illl!i?llllllilHlllHllllliiinifll!l 


I 


APPENDIX  F.  EQUIPMENT  PERFORMANCE 

REPORTS 


1 


■QUtPMiHT  MRFORMANCK  Itf  PORT 

(a  r scorn  r»«> 


COKMWt* 

ui  «Mn  «yi*rwN  ititim  cowuno 
»tt»  Mw«-n 
N Ml  M 

IN*.  MHWM  HIM 


aimti 


I.  >M4lCt«IMHa 


77-33-02 


77-33 


20  March  1978 


DAVTE-TA 


ommander 

US  Army  Aviation  Engineerin'!  Fit  Acty 
ATTN : DAVTE-TA 
Edwards  AFB,  CA  93523 


I ItH  t»U| 

PAE  of  AH- IS  with  Infrared 
Supnression  System 


MCTMN  * • «*iO«  11 


viwmn 


taCTlOW  • • MIT  DATA 


SWWtth  Card  - SCAS 


Bel  1 Helicopter  Textron 


SICTION  C • IMCIOCMT  OATA 


«.  OMIRVIO  OWRiNt 


INCIOINT  CLAM 


• C VIOM  T*H«N 


□ I 


Flight  in  calm  air 
above  100  kts 


NMMiutxK*  Keinstane 


k iMORtCOMlNC 


m 

■li 


AOiUtTIO 


. oTH««Observation/ 


aintenance  procedure 


IICTIOM  0 • INCIOINT  OltCIIPTION 


i»  niic*i|l  inciojuii  run  * iOtl<MciM  aaa  Noicmmii  «•  mNki  <• 

On  trie  first  flight  of  the  day,  while  accelerating  through  100  KIAS,  a moderate 
vertical  vibration  was  observed.  The  frequency  was  approximately  1/2  the  blade  oassane 
frequency  (1/2  per.  rev.).  The  vibration  had  not  been  observed  on  previous  test  flinhts. 
The  cause  of  the  vibration  was  isolated  to  the  pitch  channel  of  the  SCAS  system.  Upon 
turning  off  the  pitch  channel  of  SCAS  the  vertical  vibration  ceased  immediately.  When 
the  pitch  channel  was  re-engaged,  the  vertical  vibrations  would  build  over  a period  of 
approximately  30  seconds  to  the  original  magnitude.  The  vertical  vibrations  were  not 
apparent  at  airspeeds  below  100  KIAS.  After  termination  of  the  flight,  the  matter  was 
discussed  with  the  contractor  (AiResearch  Inc.),  who  informed  us  that  they  had  had  a 
similar  problem  during  their  flight  program  the  preceding  month,  and  that  cleaninn  the 
contacts  of  the  pitch  card  In  the  SCAS  amplifier  had  alleviated  the  problem.  The 
contacts  were  cleaned  and  the  vertical  vibrations  have  not  reappeared. 
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The  pilot  station  ventilation  system  on  the  production  AH-1S  consists  of  a main 

vent  control  knob  and  two  rectangular  vent  outlets  located  on  the  left  and  right  sides 
of  the  Instrument  console.  Vent  outlets  are  non-adjustable,  having  fixed  vanes  which 
direct  airflow  to  the  pilot's  face  and  chest.  Separate  on/off  vent  controls  are  provided 
at  each  outlet,  but  are  poorly  designed  and  easily  damaqed  as  evidenced  by  the  broken 
right  side  control  on  the  test  aircraft.  Discussion  wlto  AH-1S  Instructor  Pilots  from 
ft.  Rucker  revealed  that  broken  vent  controls  are  common  on  the  AH-1S  helicopter.  When 
hovering  over  unprepared  surfaces,  the  dust  and  dirt  raised  by  the  rotor  downwash  Is 
readily  Ingested  Into  the  aircraft  vent  system  and  forcibly  ejected  onto  the  pilot's 
face  and  chest.  Even  with  a properly  fitted  helmet  and  with  the  visor  full  down, 
sufficient  dust  and  dirt  can  be  blown  into  the  pilot's  eyes  to  cause  temporary  blindness 
and  eye  damage  with  the  obvious  potential  for  loss  of  visual  reference  and  aircraft 
damage.  Operation  from  unprepared  surfaces  is  an  Inteqral  portion  of  the  AH-1S  mission, 
and  as  such,  the  present  non-adjustable  ventilation  system  is  a potential  hazard  and 
should  be  modified  as  soon  as  possible. 
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